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1. Abstract
Background 
The majority of trans-radial myoelectric prosthesis users experience some level of difficulty 
and disruption in the control of their prosthesis everyday (1). Previous studies by Head (1) 
and Chadwell et al. (2) have suggested that the fit and/or design of the socket could be a 
contributing factor in the disruption of prosthesis control by introducing uncertainty and 
motion artefacts into the control system. However, there is currently no definitive 
prescription criterion that determines the effect that trans-radial socket design has on 
myoelectric control. 
Aims 
To investigate the effect of socket design on: 
a) the reliability of voluntary-initiated prosthetic prehensor activation and  
b) The avoidance of unwanted prosthetic prehensor activation 
Methods 
Six participants with a trans-radial limb absence and previous experience of using a 
myoelectric prosthesis were recruited for the study. The user performance of three different 
trans-radial socket types, the UK Hybrid, Longitudinal Compression and Münster socket, 
were evaluated against a baseline no-socket ‘ideal’ condition (in which the electrodes are 
held firmly against the skin).  
The participants ability to control myoelectric prosthesis activation was assessed via the use 
of a reaction time test with the forearm in 2 orientations, each being 45° either side of the 
horizontal, as described by Chadwell et al (2). The frequency of unplanned activations 
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caused by motion artefacts during these movements was determined by a goniometer 
situated on the prosthetic forefinger that measured the aperture of the hand, and recorded 
any unwanted activation. Each participant also completed a questionnaire which evaluated 
each socket via the following: comfort; ease of control; and overall preference. 
Results 
The UK Hybrid had the least impact on voluntary activation of the hand for the Open 
Function (Difference in Spread= 15.83 (Standard Deviation of Reaction Time Socket – Standard 
Deviation of Reaction Time No Socket)), and also had a considerably lower standard deviation in 
reaction times than the no-socket condition in the close function. All three sockets caused 
unwanted prehensor activations in at least 65% of trials, in comparison to 30.56% of ‘ideal’ 
no-socket condition trials, in the functional movement tasks. 
Summary 
The socket that produced experimental data closest to that of the ‘ideal’ was the UK Hybrid. 
The results suggest that the fit of the socket, rather than the specific design, is more 
important when creating a reliable electrode-socket interface. All participants cited the most 
comfortable socket as their overall preference, although this finding should be interpreted 
with caution.  
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2. Literature Review 
2.1. The Human Upper limb 
It is widely accepted that the upper limb is the most functionally complex part of the 
body and the dexterity of the human hand is not surpassed elsewhere in nature (3-5). This is 
exemplified by the large areas of the motor cortex within the brain associated with hand 
control and functionality. In addition, the hand has a key role to play with regard to 
interaction with the environment. The sense of touch supports the brain in understanding 
the body’s position within an environment, by establishing what belongs to oneself and what 
belongs to the environment (6). The upper limb also plays a significant role socially, and is 
used regularly during communication,  social interaction, and self-expression (6).  
2.1.1.1. Upper limb structures proximal to the hand   
The shoulder is the most proximal joint of the upper limb connecting the upper arm 
to the torso. The joint is comprised of the shallow glenoid cavity of the scapula and the head 
of the humerus, as well as a loose articular capsule and a number of tendons and ligaments. 
The structure of the shoulder allows for flexion, extension, adduction, abduction, internal 
rotation and external rotation.   
The elbow joins the forearm to the upper arm and is formed by the trochlea and 
capitulum of the distal end of the humerus, the trochlear notch of the proximal ulna, and the 
head of the radius (7).  As the elbow is a hinge joint, it only operates in a flexion extension 
arc and in normal elbows there is no hyperextension (8). The structure of the forearm allows 
for pronation and supination, with the majority of this movement arising from the rotation 
of the radius around the ulna at the distal radioulnar joint (9).   
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 The forearm is joined to the hand by means of the wrist which is comprised of two 
joints. The first is the radiocarpal joint, an ellipsoidal joint which is formed by the convex, 
oval-shaped bone of the scaphoid and lunate carpal bones articulating with the concave, 
elliptical depression of the distal end of the radius. The second joint that forms the wrist is 
the midcarpal joint between the proximal and distal row of carpal bones (10). The wrist joint 
is a biaxial joint that allows for flexion-extension, abduction, adduction and a limited amount 
of circumduction (7, 9). Both joints of the wrist work in partnership with the radioulnar joint 
to provide additional pronation and supination of the hand (9). 
2.1.2. The Hand  
The hand is comprised of 27 bones that are grouped into three sections; carpals, 
metacarpals, and phalanges. The joints of these bones are stabilised and moved by the 
intrinsic muscles of the hand and a number of muscles originating in the forearm (9, 11). The 
four carpometacarpal joints formed by the 2nd-4th metacarpals with the distal row of carpals 
allow for very little movement. There is some flexion/extension movement at the 5th 
metacarpal with progressively less movement at each of the 4th, 3rd and 2nd carpometacarpal 
joints. When the carpometacarpal joints are in flexion the metacarpal heads lie in a curve. 
The ellipsoidal metacarpophalangeal joints of the 4 fingers are formed by the respective 
metacarpal head and the base of the proximal phalanx.  These joints provide flexion and 
extension and lateral abduction/adduction movement of the four fingers. The ab/adduction 
movement of the metacarpophalangeal joint is greater when the joint is extended due to 
the structure of the collateral ligaments. Each finger is comprised of 3 (proximal, 
intermediate and distal) phalanges, forming the proximal and distal interphalangeal hinge 
joints that only allow flexion and extension (11).  
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2.1.2.1.  The Thumb 
 The trapeziometacrapal joint, a saddle joint, and the first metacrpalphalangeal joint, 
a hinge joint, allow for flexion-extension, ad/abduction and cirucumduction of the thumb. 
Unlike the fingers the thumb is only comprised of 2 phalanges. The interphalangeal joint, 
which is also a hinge joint, provides flexion and extension for the distal phalanx of the thumb 
(7, 9, 12). The motion of the thumb is provided by the trapeziometacarpal joint, first 
metacarpophalangeal joint, and the interphalangeal joint of the thumb. 
2.1.2.2. Grip Patterns of the Hand  
The functional capabilities of the hand are extensive, providing the significant 
majority of the functionality of the upper limb, and can be categorised as either ‘non-
prehensile’ or ‘prehensile’. Non-prehensile activities include touching and lifting, whereas 
the prehensile activities include the combined effects of 6 grip patterns (9, 13). These grip 
patterns can be separated in to 2 groups: ‘precision’, which encompasses the lateral, tripod 
and tip grip patterns; and ‘power’ which includes the spherical, extension and cylindrical grip 
patterns (9, 13).  
FIGURE 1: GRIP PATTERNS OF THE HAND (13) 
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2.1.3. Reaching and Grasping with the Anatomical Upper Limb 
Activities of daily living (ADLs), functional tasks such as writing, eating and personal 
care, are reliant on the ability to reach, grasp, transport and release objects (14).  The large 
numbers of muscle groups required in order to manipulate the upper limb and form the 
different grip patterns of the hand require a well-integrated and accurate control system (7, 
15, 16). Theoretically, there are a near-infinite number of muscle-activation patterns and 
joint movements that could be used in order to complete a single functional task; the neuro-
muscular system is, however, able to consistently select the most appropriate pathway in 
every case.  
Planning is the key to the overall success of a reaching or grasping movement, 
predetermining the approach and grip strength and pattern required to complete the task 
(17).The cerebral cortex, which is part of the central nervous system, uses afferent 
information (information from the sensory organs) as well as a central motor plan to control 
the movements of the upper limb (15). Stroeve (15) described a central motor plan as “a 
feed-forward method of control  that employs knowledge about the dynamics of the 
musculoskeletal system and its interaction with the environment.” The afferent information 
is used as feedback control in order to correct for any errors or any unexpected disturbances 
during the task (15). This method of control ensures that relatively complex actions requiring 
multiple joints and muscles can be actioned in the correct sequence when required, without 
conscious thought by the person at each individual step (15, 17). This control mechanism 
and the sense of proprioception, the knowledge of the movements and positioning of the 
joints in space, enables the person to continue to focus on their environment, or other tasks 
whilst the initial task is being completed (7, 15).  
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2.1.3.1. Assessing the Functionality of the Upper Limb 
Assessments of upper limb functionality are focused on the capabilities of the natural 
hand, and normally refer to its ability to undertake specific grip patterns during usage. 
Alongside questionnaires and standard tests for joint range of motion and muscle power, 
such as the Oxford Scale,  there are several clinical functionality assessments that measure a 
hand’s capability to perform basic tasks(18). It is vital that these assessments are repeatable 
within a clinical setting and are able to show the progression of a hand’s functionality over 
time (19). There are a number of assessments which focus on simple, repeatable movements 
which are used in everyday activities. One example of this is the Southampton Hand 
Assessment Procedure (SHAP), reported by Light, Chappell and Kyberd (13) in 2002, as a 
method of testing the functional capacity of the hand that was concise enough to be carried 
out in a clinical setting.  The SHAP is comprised of a number of abstract grasping tasking and 
a number of ADL tasks, such as turning a key in a lock or pouring liquid into a cup. Many of 
these assessments are subjective as they do not clearly define the relationship between the 
tasks and the level of functionality.  Kinematic data can also be used to assess the ranges and 
consistency of movement in the upper limb. 
2.2. Upper Limb Absence  
Between 2011 and 2012 there were a total of 5877 new referrals to UK prosthetics 
service centres (20). Upper limb absence and amputation is significantly less common than 
lower limb absence and amputation, with only 8.34% of referred cases presenting with 
upper limb loss (20). Upper limb absence can be further sub classified into eight distinct 
levels, as shown in Figure 2. A forequarter amputation, the most proximal level of upper limb 
absence, involves amputation of the entire arm, scapula and clavicle. Shoulder, elbow and 
wrist disarticulations occur when the limb is amputated through the respective joints. Trans-
humeral and trans-radial levels occur when the limb is amputated by transversely separating 
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the humerus or radius respectively. Partial hand amputations are at the trans-carpal or 
trans-metacarpal level. Digital amputation is when all or part of any of the five digits are 
removed.  
The prevalence by proportion of each level of amputation is listed below:  
a) Forequarter (2.4%),  
b) Shoulder disarticulation (2.9%) 
c) Trans-humeral (above elbow) (20.6%) 
d) Elbow disarticulation (0.6%) 
e) Trans-radial (below elbow) (32.4%) 
f) Wrist disarticulation (3.3%) 
g) Partial hand (15.9%)  
h) Digit (21.8%) 
(20). 
FIGURE 2: LEVELS OF UPPER LIMB ABSENCE (ADAPTED FROM (21)) 
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Disarticulations through a joint are relatively uncommon, as they afford little room 
for prosthetic joint replacement and are relatively uncosmetic. A joint disarticulation can 
however be beneficial for children as it maintains the growth plates of the remaining bones 
in the residual limb, allowing both limbs to grow more symmetrically.  
2.2.1. Causes of Upper Limb Absence 
Jain and Robinson (22), reported that the most common causes for upper limb 
absence are trauma (43%), congenital absence (18%), and cancer (14%). As a result, patients; 
60% of referred patients with an upper limb absence are between the ages of 16-54 (23) and  
approximately 2/3 of new prosthesis limb referrals are male. The distribution of cause of 
upper limb absence by age can be seen in Figure 3. 
2.2.1.1. Trauma 
As previously mentioned, the majority of acquired upper limb absences occur 
between the ages of 16-54. The most common cause for amputation in this age group is 
FIGURE 3: CAUSE OF LIMB ABSENCE BY AGE (ADAPTED FROM LIMBLESS STATISTICS ANNUAL REPORT 11/12 
(20)) 
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trauma, including but not limited to industrial accidents, road traffic incidents and military 
service (22). Due to the mechanism of injury, there is likely to be damage to the surrounding 
bone, vascular system, soft tissue and nerves, as well as a significant amount of scarring.  
2.2.1.2. Congenital  
Congenital deformities occur in 5-9.7 births for every 10,000 live births, with the 
majority affecting the upper limb (24). Although there are a number of syndromes that can 
cause limb abnormalities and deficiencies, there is frequently no known cause (24). The 
anatomy of the residual limb proximal to the level of absence may have formed abnormally 
or may not have formed at all. For example, it is common in a transverse trans-radial limb 
absence for the bony anatomy of the elbow to not have matured appropriately, resulting in 
10-15° hyperextension.  It is also possible for the fat of the residual limb to be distributed 
differently than an anatomically intact residual limb. 
2.2.1.3. Tumours 
Malignant tumours of the bones and soft tissues are relatively uncommon, making up 
only 1% of all cancer diagnoses.  However, the prevalence of bone cancers, such as 
osteosarcoma and chondrosarcoma, diagnosed between the ages of 20-40 is higher than in 
other types of cancer (22).  
2.3. Upper Limb Prostheses 
The aim of prosthetic rehabilitation is to enable the limb user to return to daily living, 
vocational and recreational activities, by providing them with a comfortable, effective and 
easy to use prosthesis (25). When prescribing a prosthesis there are three main aspects 
taken into consideration, the first being the comfort of the limb usually determined by the fit 
of interface between the prosthesis and the residual limb known as the ‘socket’. The second 
aspect is function of the limb, Millstein, Bain and Hunter (26) suggest that as many as 93% of 
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upper limb amputees return to employment after amputation, with frequent limb users 
being more likely to be employed, possibly due to improved functionality provided by the 
prosthesis. The third aspect is the cosmesis or appearance of the limb; upper limb absence is 
more difficult to conceal than lower limb absence, and in a previous survey by Benz et al 
(27), participants expressed high value to the feeling of ‘wholeness’ provided by a prosthesis 
(28) .  Each patient may have different priorities with regard to these factors, although, 
anecdotally, comfort (and associated socket fit) is generally considered to be the main 
priority for most prosthesis users.  
2.3.1. Prosthesis Types 
There are three main types of upper limb prostheses: cosmetic, body-powered, and 
myoelectric. 
2.3.1.1.  Cosmetic Prostheses 
A cosmetic prosthesis is a lightweight, passive device usually comprised of a foam 
hand with wired fingers that can be manually positioned individually. Cosmetic limbs provide 
no active prehension but can provide limited passive function by assisting the sound hand 
when stabilising objects. They can also be used for holding or carrying light items (29).  
2.3.1.2. Body-powered prosthesis 
Body-powered prostheses provide active prehension via the use of biomechanically 
operated terminal devices, such as split hooks and mechanical hands. In addition to enabling 
active function, these prostheses also include wrist units that can be fitted with a range of 
interchangeable passive devices that can be employed for a large range of specific tasks. 
They are however characterised by the use of straps and harnesses, making them relatively 
un-cosmetic and cumbersome. (30).  
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2.3.2. Myoelectric Prostheses  
Myoelectric prostheses  use electromyography (EMG) signals, measured from socket- 
or liner-located electrodes to operate an electrically-powered functional terminal device (1).  
The myoelectrodes, housed in the socket or liner, are positioned against the skin in order to 
receive and process the EMG signal. When a sufficient signal reaches the hand via a cable 
running through the hollow forearm from the electrode, it will cause an activation of the 
hand. The majority of myoelectric prostheses prescribed to patients in the UK have electric 
hands with a single grip pattern, such as the Steeper Select Myo Electric Hand (31), 
SensorHand Speed (32) and MyoHand VariPlus Speed (33). Only the thumb, first and second 
fingers of these hands articulate to form the tripod grip, although some offer proportional 
speed and grip strength, which can provide the limb user with increased control (33). The 
rechargeable battery used to power the prosthesis is usually housed within the forearm 
section of the prosthesis so as to be easily accessible by the user.  
There has been significant progress in the field of myoelectric prostheses in recent 
years,  particularly with terminal devices, including multi-articulating hands such as the 
bebionic 3 (35), iLimb (36), and Michelangelo (37). These devices have the potential to 
significantly restore functionality to those with an upper limb absence, especially at the 
FIGURE 4: A MYOELECTRIC PROSTHESIS (34) 
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trans-radial level, but require a significant level of skill to control and a reliable skin-
electrode interface is crucial.  
The following section reports on the myoelectric control mechanism and the 3-bar 
myoelectrodes commonly used in myoelectric prostheses. 
2.4. Myoelectric Control  
A muscle group contracts as a result of action potentials, and the resultant 
propagating depolarisations can be captured as a myoelectric signal of 30-100µV on the 
surface of the skin (38). Myoelectric prostheses work by acquiring and amplifying these 
signals via surface electrodes that are positioned within the prosthetic socket. As depicted in 
Figure 5, the acquired signal is then processed, where it is rectified and smoothed, and if it 
meets the threshold requirement, it can then be used to control the operation of the 
prosthesis motor (39). The electrodes are aligned with the long axis of the muscle fibres, 
where the potential difference in the muscle fibre can be measured as the depolarisation 
region passes by the electrodes (38).  
 FIGURE 5: MYOELECTRIC CONTROL MECHANISM (38) 
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 In myoelectric control, as with any biomedical instrumentation system involving a 
subject, there is unwanted electrical interaction between the subject and the environment 
(38). Any device which emits an electrical signal large enough to be detected by the 
myoelectric electrode is capable of interfering with the target signal. The human body 
constantly carries a common mode signal, between 5-15V, as it acts as an antenna attracting 
electromagnetic signals from external sources such as power lines and electrical appliances, 
in a phenomenon known as ‘capacitive coupling’ (38).  As the common mode voltage is 
significantly greater than the surface EMG signal (10µV-10mV) and is at the same line 
frequency of 50 or 60Hz, the majority of myoelectric prostheses use differential electrodes, 
which consist of 3 ‘bars’; a positive, a negative, and a reference, or ‘earth’ to filter the signal 
(Fig 6). The differential amplifier has two input terminals and rejects any signal that is 
common at both terminals, which in the case of a myoelectric prosthesis the two inputs are 
the electrodes at the site of the controlling muscle group (38). Therefore, after subtracting 
the common signal at each input, the resultant voltage is the desired EMG signal. Similarly, 
as it is impossible to create an electronic circuit that does not have some level of noise, a 
threshold level is set to prevent the noise from activating the prosthesis. The threshold level 
is usually around 15microvolts, but the amplification or ‘gain’ of the electrodes can be 
adjusted to suit patient via a dial on the outer surface of the electrode requirements. 
However, if this setting is too high,  it may cause the electrode to be more susceptible to 
signals from other sources, as mentioned previously(38). This arrangement is necessary in 
filtering out the common mode voltage and allows the measurement of the EMG signal from 
the residual limb musculature.  
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The prosthetic socket acts as an interface between the residual limb and the 
components of the prostheses, as well as playing a key role in maintaining the positioning 
and contact of the myoelectrodes against the skin. The following section discusses the 
importance of the fit and design of trans-radial sockets.  
2.5. Trans-radial Prosthesis Components 
2.5.1. The Socket 
The fit of the socket will determine user comfort, and will also impact on electrode 
security and functional control (41). Several different socket styles have been developed for 
each level of limb absence, but all seek to provide a comfortable, secure and well-fitting 
interface between the residual limb and the other components that make up the prosthesis.  
Most sockets on modern trans-radial prostheses are self-suspending, although a significant 
number still require the use of straps or harnesses at more proximal levels of limb absence. 
The contoured shape of the self-suspending socket provides suspension for the limb, 
controls and stabilises the soft tissue of the residual limb and distributes the prosthesis load 
across the surface of the limb (1). 
Trans-radial users tend to wear their prostheses more often than those with other 
levels of upper limb absence, and they are the largest group of individuals affected by upper 
limb absence (22, 42). However, despite the relative prevalence of trans-radial prosthesis 
FIGURE 6: THE 3 BARS OF A STANDARD 
MYOELECTRODE. ADAPTED FROM (40) 
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use and the importance of socket fit, self-suspending trans-radial socket design has 
remained largely unchanged since the 1960’s and 1970’s. For example, only 4 papers 
published during the last decade discussing improvements to current trans-radial socket 
designs are accessible on PubMed (Alley, Williams, Albuquerque and Altobelli (2011)(43); 
Lake (2008)(44); Sang, Li and Luo (2016a)(45); Sang, Li, Luo (2016b)(46)). By comparison, a 
search on PubMed using the following keywords: ’myoelectric control’, ‘Pattern recognition’ 
and ‘prosthesis’, shows there are approximately 200 publications on the topic of pattern 
recognition for myoelectric control in the same time period. 
 Trans-radial self suspending sockets are traditionally suspended by contouring solely 
in the proximal third of the socket, around the elbow joint. Therefore, the success of the 
socket is generally assessed by the fit of this portion of the socket.  However, the electrodes 
for a myoelectric prosthesis are sited within the intermediate third of the socket, and area 
which doesn’t receive a lot of focus. An issue that has been highlighted by Miguelez et al 
(47), is that this method of suspension creates a point in which the socket can pivot around 
the elbow. Two of the newer sockets that have been presented, the CRS Socket (43) and 
TRAC Interface (44, 47), have employed targeted contouring over the pressure tolerant areas 
of the entire residual limb rather than use the proximal suspension traditionally associated 
with trans-radial sockets, in order to reduce the extent of the socket pivoting movement 
about the elbow. The following section reports on available socket designs. 
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2.5.2. Socket Designs  
2.5.2.1. Münster Socket  
The Münster Socket (Fig. 7), first presented in 1959 by Hepp and Kuhn (48), has 
provided the basis for self-suspending trans-radial socket design for the last six decades (44). 
It achieves suspension by directing opposing antero-posterior socket forces around the 
biceps tendon and the soft tissue directly superior to the olecranon (48). The Münster socket 
was initially designed to be a light duty socket for short to very short residual limbs 
particularly for adolescents and women who require a functional cosmetic limb (49, 50). The 
Münster socket was adapted to be more compatible with myoelectric use by Otto Fruzinsky 
in 1968, and is cited in literature as an ideal socket for this purpose (44). However, the high 
proximal trimlines, which are inherent in the design and suspension of the Münster socket, 
limit the range of motion at the elbow and render the socket unsuitable for bilateral 
prescription or for residual limbs longer than 55% of the sound side (48, 50-52). 
FIGURE 7: THE MÜNSTER SOCKET: LATERAL 
(A), ANTERIOR (B), AND POSTERIOR (C) VIEWS 
(48) 
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2.5.2.2. Northwestern Supracondylar Socket  
The adaptations in socket design, that lead to the Northwestern socket (Fig. 8) arose 
in order to overcome the limited range of motion at the elbow associated with the Münster 
type socket. In 1972, J.N Billock presented the Northwestern Supracondylar socket, which 
lowers the anterior and posterior proximal trimlines to provide a greater range of motion at 
the elbow (53). In order to achieve suspension, the Northwestern socket has a reduced 
mediolateral dimension proximally, due to forces applied superior to the epicondyles of the 
humerus. The posterior trimline also encapsulates the olecranon in order to maintain 
suspension whilst the elbow is extended. Due to the low anterior proximal trimline, the 
Northwestern socket is not recommended for residual limbs shorter than 55% of the sound 
side (53). In 1986, W. Sauter modified the Northwestern style socket to form the 3/4 socket, 
which removes the posterior proximal quadrant of the socket; however anecdotal evidence 
amongst clinicians suggests that this has not become standard practice (54).  
2.5.2.3. UK Hybrid Supracondylar Socket 
 It is very rare for a true Münster or Northwestern socket to be prescribed in UK 
clinical practice, due to the development of the UK Hybrid Supracondylar socket (Fig. 9). As 
the name suggests this socket arose through modifications made in UK clinical practice to 
the Northwestern and Münster sockets. This socket style incorporates the reduced 
FIGURE 8: ANTERIOR, LATERAL AND 
POSTERIOR VIEWS OF 
NORTHWESTERN SOCKET (53) 
19 
 
mediolateral dimension in the supracondylar region associated with the Northwestern 
socket, as a higher posterior proximal trimline which encapsulates and applies an anteriorly 
directed force on the olecranon fossa. The anterior brim of the UK Hybrid socket is situated 
midway between the Northwestern and Münster sockets and therefore has been 
successfully prescribed across a wide range of residual limb lengths. Whilst the trimlines of 
the Hybrid socket are higher than that of the Northwestern, range of motion at the elbow is 
maintained by a reduced casting angle of 70° compared to 90° which is standard for the 
Northwestern socket. Whilst this reduction in casting angle enables an increased range of 
motion at the elbow, it causes the suspension of the socket to be slightly compromised, 
potentially leading to slippage.  Anecdotal evidence amongst clinicians suggests that despite 
the lack of reported evidence on this socket type, the UK Hybrid is the standard prescription 
in UK clinical practice, no matter the type of prosthesis (1). The prevalence of the UK Hybrid 
socket may in part be due to the large numbers of passive prostheses prescribed in the UK in 
comparison to active prostheses, as these lightweight limbs do not require such a positive 
suspension. 
  
FIGURE 9: UK HYBRID SOCKET; ANTERIOR 
AND LATERAL VIEWS.  
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2.5.2.4. Silicone/Gel Roll-On Socket  
The Icelandic Roll On Silicone Socket (ICEROSS) was originally developed in 1986 to 
improve suspension in lower limb prostheses, although it wasn’t regularly prescribed in the 
United Kingdom until the early 1990’s (55). Positive suspension is a key requirement for 
upper limb prostheses (56), making  silicone liners, such as the ICEROSS, an attractive option 
as an alternative to traditional sockets (Fig 10). The excellent suspension afforded by these 
flexible socket liners is achieved by a combination of radial compression and the high 
coefficient of friction between the skin and the liner. The tight fit of the liner (which is 
slightly smaller than the relative circumferences of the residual limb) creates a quasi-
hydrostatic system which secures the liner to the limb extremely securely. The liner then 
attaches to the socket via a pin-lock, lanyard or suction seal. Longer residual limbs may not 
be suitable for a liner with a pin lock mechanism due to the build height of the componentry. 
As the socket does not achieve suspension via contouring around the elbow joint, the 
proximal trimlines of the socket can be reduced, therefore improving the range of motion at 
the elbow. The flexible interface of the liner can also improve socket comfort, by distributing 
the socket pressures over a wider surface area (57). However, for the liner to operate 
effectively, it must be donned correctly, with no air trapped between the liner and the 
residual limb. Application of the liner therefore requires a sufficient level of hand strength 
and dexterity. Some upper limb amputees may find this process too difficult, a fact 
highlighted by Kristinsson (the originator of the ICEROSS system) (55).  
A 
B 
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 As well as silicone liners, thermoplastic elastomer gel liners, such as the Alpha Liner, 
are used in clinical practice at both upper and lower limb level (59). Unlike silicone liners, the 
gel can flow to adapt to uneven socket pressures, providing a more even distribution of 
pressure across the limb, and as a result are not as durable (60). However, the loads exerted 
and shear forces on the liner in an upper limb prosthesis are significantly lower than those 
within a lower limb prosthesis, so durability is often not a deciding factor in prescription. A 
particular benefit of an elastomeric gel liner is the ability to mould the liner to a cast of the 
residual limb, which allows the formation of a socket and suspension system that is bespoke 
to the shape of the residual limb. Standard liners, which are conical and cannot be re-
shaped, can be ill fitting on some upper limb residual limbs particularly around the proximal 
edges of the socket or elbow joint.  
The use of myoelectric control in combination with roll on socket liners has been presented, 
and some systems are clinically available, albeit rarely employed within the United Kingdom.  
Gaber and Gardener (4) completed a survey of upper limb prosthesis users who employed a 
roll on silicone (ICEROSS) liner to suspend their prostheses. In this case, the clinicians 
attempted to cut holes in the liner to allow skin contact to standard myoelectric electrodes 
housed as usual within the socket walls. Of the 17 participants surveyed, 8 continued to use 
the silicone liner as this enabled them to benefit from an increased range of motion at the 
elbow and comfortable wear. However, the remaining participants discontinued their use of 
FIGURE 10: SILICONE ROLL-ON SOCKET (58) 
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the liner due to persistent skin problems, difficulty donning, and increased phantom pain. Of 
those who discontinued use, 2 did so in order to use a standard myoelectric prosthesis, as 
they were unable to achieve reliable signal acquisition with the socket liner. Another 
reported issue with this method is that the large holes can compromise the integrity and 
durability of the liner.  Gaber (4) proposed that snap-fit electrodes that pierce the liner 
should be used when a myoelectric prosthesis includes either a silicone or gel liner. In this 
system, 3 electrode ‘domes’ are used over each muscle site, as shown in Fig. 11, 
representing the positive, negative and ground electrodes. Daly (61) noted that the ability to 
‘heal’ small holes in elastomer liners was useful when siting the electrodes as it allowed for 
correction in the placement of the electrodes without compromising the integrity of the 
liner. Daly (61) conducted a study with a small number of participants and reported that 
whilst this method does provide a more reliable interface, it relies on the prosthesis user 
being able to consistently position the liner over the correct sites each time they don the 
prosthesis. Also, the exposed wiring is prone to damage during donning and doffing and it is 
this lack of durability that has prevented this method from becoming more widely used in 
clinical practice (61). 
FIGURE 11: SILICONE ROLL-ON SOCKET 
SNAP ELECTRODE PLACEMENT (A, B) 
AND CONNECTION (C) (57) 
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2.5.2.5. TRAC Interface 
The Trans-radial Anatomically Contoured (TRAC) Interface, first reported by Miguelez 
(47), has been developed using elements of the Münster and Northwestern sockets (Fig 12). 
This interface has more aggressive and extensive contouring, compared to previous socket 
styles, to maximise the amount of force that can be applied over pressure-tolerant areas.  
Lake and Dodson (57) describe the suspension and stability of the socket as a result of the 
intrinsic contouring of the radioulnar anatomy and the forearm musculature. This is 
achieved by a narrowed anteroposterior dimension caused by a specific pressure on the 
cubital fold and the supra-olecranon region. Stabilisation is provided in the mediolateral 
plane as a result of pressure applied inferiorly to the anterior aspect of the humeral 
epicondyles and about the radial head (47). Additional suspension and stabilisation is 
provided by the significant anatomical contouring to the antecubital region. According to 
Miguelez et al (47), this contouring is inherent in the TRAC socket design and is what sets it 
apart from previous self-suspending styles, which simply contain the tissue of the residual 
limb. Miguelez et al report that this socket improves comfort as it allows for the geometric 
changes of the musculature through a wide range of motion, although no large scale trials 
have been undertaken (57). Similar to the (54) modification of the Northwestern socket, the 
TRAC interface can also be modified into a ¾ style to improve air circulation around the 
residual limb (57). 
Miguelez (47) investigated the effect of loading on the skeletal structures of the 
residual limb in proximally suspended sockets compared to the TRAC Interface. In this study, 
radiographic images of a participant’s residual limb were taken when wearing first the TRAC 
interface then the traditional proximal suspension socket. The positions of the bony 
structures relative to the socket were measured under two conditions – loaded with a 5lb 
weight and unloaded. It was determined that in sockets with only proximal suspension the 
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skeletal anatomy displaces anteroposteriorly by 5° relative to the socket. By comparison, 
when the same loads were applied to the TRAC Interface there was no observable 
displacement of the skeletal structure of the residual limb relative to the socket (47).  
2.5.2.6. Compression Release Stabilised Socket 
 One socket type that appears to differ in principle from those previously discussed is 
Compression/Release Stabilized (CRS) socket, and its derivative the Longitudinal 
Compression (LC) socket (Fig 13). Unlike previous socket designs, that effectively ‘pivot’ 
around the proximal section of the socket and the elbow joint, the CRS socket, (43) aims to 
stabilise the skeletal structure of the residual limb by exerting forces on pressure tolerant 
areas and providing relief for the musculature. The socket comprises of four longitudinal 
depressions that work to stabilise the bony anatomy of the residual limb, as well as reducing 
the longitudinal motion of the skin in relation to the muscles and bones of the residual limb. 
(43) describes either pockets or windows in the socket wall to provide relief for the displaced 
musculature, causing the ‘bulges’ of muscle that are inherent in the CRS socket design.  The 
open nature of the frame type socket can allow for improved ari circulation around the 
residual limb improving comfort and reducing the risk of excessive perspiration.  
FIGURE 12: THE TRAC INTERFACE (47) 
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Table 1 summarises the suspension methods, electrode type and housing, fitting 
criteria and clinical prevalence for each of the socket types discussed above. Clinical 
prevalence is based on anecdotal evidence and the Author’s experience of current clinical 
practice. At present there is very little data on the incidence of each of the specific socket 
types worldwide, particularly in UK clinical practice. It can also be seen from Table 1 that 
anecdotal evidence suggests the most commonly used socket type in the UK is the UK Hybrid 
Socket, and it is very rare for a different style to be prescribed.  
FIGURE 13: THE CRS/LC SOCKET (43) 
FIGURE 14: PREHENSILE GRIP PATTERNS 
OF THE HAND (13)  
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Socket Type 
 
Report 
Date 
Suspension 
method 
Electrode Type 
and Housing 
Fitting criteria Anecdotal 
prevalence of 
clinical use 
Münster  
(48) 
1959 - Anterior 
directed force 
applied to 
olecranon 
fossa 
- Posterior 
directed force 
applied to  
cubital fold 
with relief for 
biceps tendon 
- High 
proximal 
trimlines 
- Standard 3 bar 
myo electrode 
such as 
Ottobock 
13E200 
Electrode 
- Electrodes 
housed within 
recesses in the 
socket wall 
- Very short to 
short residual 
limbs <5.5” 
- Light duty 
prosthesis users 
- Those 
unaffected by 
reduced ROM at 
elbow 
- Unsuitable for 
bilateral fitting 
Rarely used in 
UK clinical 
practice due to 
introduction of 
UK Hybrid 
Supracondylar 
Northwestern 
Supracondylar 
(42) 
 
1972 - Mediolateral 
directed 
forces applied 
superior to 
humeral 
epicondyles 
- Olecranon 
encapsulated 
to maintain 
suspension in 
extension 
- Standard 3 bar 
myo electrode 
such as 
Ottobock 
13E200 
Electrode 
 -Electrodes 
housed within 
recesses in the 
socket wall 
- Residual limbs 
longer than 5.5” 
-Those requiring 
increase ROM at 
elbow 
Rarely used in 
UK clinical 
practice due to 
introduction of 
UK Hybrid 
Supracondylar 
UK Hybrid 
Supracondylar 
(1) 
1980’s - Mediolateral 
directed 
forces applied 
superior to 
humeral 
epicondyles 
 -Anterior 
directed force 
applied to 
olecranon 
fossa 
- Standard 3 bar 
myo electrode 
such as 
Ottobock 
13E200 
Electrode 
 -Electrodes 
housed within 
recesses in the 
socket wall 
- Suitable for all 
but the shortest 
residual limb 
- Those requiring 
increased ROM 
at elbow 
Standard 
prescription in 
UK clinical 
practice 
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Silicone/Gel 
Roll-On Liner 
(58, 61) 
1990’s  -High 
coefficient of 
friction 
between liner 
and limb 
-Pin lock or 
lanyard 
securing 
prosthesis to 
liner 
- Standard 3 bar 
myo electrode 
such as 
Ottobock 
13E200 
Electrode 
 -Electrodes 
housed within 
recesses in the 
socket wall and 
holes cut in liner 
- Snap electrode 
domes pierce 
the liner to 
provide contact 
with the skin 
- Domes are 
connected to 
snap electrode 
cables housed 
within the 
socket 
- Where 
additional build 
height can be 
accommodated 
- Where liner 
can be tolerated 
- Where user is 
able to 
consistently 
correctly don 
and doff the 
liner 
- Those requiring 
increased ROM 
at elbow 
 
Rarely used for 
myoelectric due 
to: 
-  inconsistent 
electrode 
contact when 
holes are cut in 
liner  
OR 
- Fragility and 
lack of durability 
of exposed 
electrode cables 
- More often 
used for 
cosmetic or 
passive activity 
limbs 
TRAC 
Interface 
(47) 
2003 - Contouring 
of the 
radioulnar 
anatomy. 
- Anterior 
force on 
supra-
olecranon 
region 
- Posterior 
force on 
cubital fold 
- Mediolateral 
force inferiorly 
to anterior of 
humeral 
epicondyle 
and around 
radial head 
- Antecubital 
region 
contouring 
- Standard 3 bar 
myo electrode 
such as 
Ottobock 
13E200 
Electrode 
 -Electrodes 
housed within 
recesses in the 
socket wall 
- Suitable for any 
limb type. 
- Slight 
adaptations may 
be required to 
accommodate 
for sensitive 
areas or bony 
prominences. 
Rarely used in 
UK clinical 
practice, it is 
more commonly 
used in USA. 
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Compression/ 
Release 
Stabilised 
Socket 
(43) 
2011 - Areas of 
compression 
which create a 
bony lock 
around the 
residual limb  
- Relief 
portions of the 
socket all for 
soft tissue to 
be displaced 
- Standard 3 bar 
myo electrode 
such as 
Ottobock 
13E200 
Electrode 
 -Electrodes 
housed within 
recesses in the 
socket wall 
- Where socket 
style can be 
tolerated 
- Suitable for all 
but the shortest 
limb lengths 
Very rarely used 
in UK clinical 
practice, more 
commonly used 
in USA. The LC 
socket derivative 
occasionally 
used for high 
activity sports 
prostheses. 
2.5.3. Electrodes and Electrode Housings  
As previously mentioned the standard commercially available ‘myoelectrode’ actually 
comprises of 3 electrode bars and an amplifier, which filter and amplify the EMG signal to be 
used to drive the prosthesis (Fig 15)(38). In most myoelectric trans-radial sockets the 
electrodes are housed within the walls of the inner socket, suspended by small, semi-
flexible, supporting arms (1). In order to create the housings in the socket wall, the clinician 
will rectify a flat surface over the predetermined electrode site, where the electrode former 
will be situated during the manufacturing process. This creates a recess in the socket wall in 
which the electrode can be housed.  
This method has been used for over 30 years, yet there has been little research to 
ensure that the components of this method, such as the rigidity of the supporting arms, have 
been optimised (1). A study by Head (1), proposed a new method of housing electrodes with 
TABLE 1: SUMMARY OF TRANS-RADIAL SOCKET DESIGN 
FIGURE 15: TYPICAL MYOELECTRODE WITH 3 
'BAR' ARRANGEMENT  - RSL STEEPER MYO 
ELECTRODE (40) 
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an adjustable housing to ensure a good contact of all 3 bars of the electrode with the 
residual limb; initial results suggested that the adjustable housing improved the functionality 
of the prosthesis user. With this method it is also difficult to ensure that the correct 
alignment of the electrodes with the muscle fibres is maintained at all times as the 
electrodes remain static while the limb moves within the socket.  
2.6. Difficulties with myoelectric limb control 
Unlike the anatomical limb, there is no integrated and consistent control mechanism 
with a myoelectric prosthesis. Anatomical limb control relies heavily on a learnt and highly 
predictable internal model of the upper limb, combined with sensory feedback and 
proprioception in order to effortlessly position the limb and grasp objects. The subconscious 
nature of limb movements allows the person to plan for the next task whilst the current task 
is being completed. Prosthesis users do not, however, get proprioceptive or sensory 
feedback from their prostheses and have to deal with uncertainty in the intent-action 
process. Further, activation of a prosthetic limb can be counterintuitive, in that the muscles 
which are being recruited would not naturally be used to complete that movement. For 
example, it is common in myoelectric prostheses for the wrist extensors and flexors to be 
used to open and close the prosthetic hand. Amputees therefore rely more heavily on their 
other senses, namely sight, to assist with positioning and grasping with the prosthesis. A 
study by Parr (62), showed that prosthesis users spend a larger percentage of time focusing 
on the hand or current part of the task rather than the end target, relying on visual feedback 
in the absence of hepatic feedback. This prevents pre-planning for the next aspect of the 
task and a heavier reliance on conscious control of the prosthesis. Partly as a result of this, 
the prosthesis users in this study took 10 times longer than an able bodied person to 
complete each task. 
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2.7. Prosthesis Rejection 
Between 1986 and 2012 there were a number of studies investigating the rate of 
upper limb prosthesis rejection, all citing rates between 18-35% of individuals (63-67). 
Despite the improvements in prosthetic technology in this time period, the rate of rejection 
remains constant. The predominant factors in prosthesis usage are the patient’s perceived 
need, and whether the benefits of prosthesis usage outweigh the costs, or effort (42). The 
fact that upper limb amputees are still mobile without a prosthesis can greatly reduce the 
perceived need. Similarly, many individuals with a unilateral congenital absence have 
adapted to using their residual limb in conjunction with the natural hand for most functional 
tasks, meaning that they only require a prosthesis for social use. 
 Multiple studies are in agreement that difficulty in use, heat, fatigue, weight, sensory 
feedback and comfort are all factors that have been shown to affect prosthesis 
abandonment (42, 66, 68). Østlie et al. also suggest that poor training, and therefore poor 
control of the prosthesis is another cause of prosthesis rejection (66). The level of 
amputation affects the rate of prosthesis use; the percentage of prosthesis rejection is 
usually higher if the amputation is more proximal, although partial hand prostheses are also 
commonly rejected (42).  
2.8. Assessing Prosthesis Functionality 
As well as the methods cited in Section 2.1.3.1: Assessing the Functionality of the 
Upper Limb, there are a number of methods for assessing the functionality of the prosthesis 
users. Self report questionnaires and surveys, such as the Orthotics Prosthetics User Survey 
Upper Extremity Functional Status (OPUS UEFS), Trinity Amputation and Prosthesis 
Experience Scales (TAPES), and Child Amputee Prosthetics Project-Functional Status 
Inventory (CAPP-FSI) can provide insight into a person’s perceived functional status with 
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their prosthetic limb (69-73). These results a very subjective however and can be difficult to 
consistently quantify. Several prehensile tests observed by a clinician, have also been 
reported including The Assessment of Capacity for Myoelectric Control (ACMC), and 
Assisting Hand Assessment (AHA) (73-77).  The SHAP and Unilateral Below Elbow Test (UBET) 
can be used to assess both prosthetic and anatomical limbs, therefore providing a direct 
comparison between limbs (13, 78). 
Kinematic and eye-tracking data, can also be used to assess the person’s gaze pattern 
and the range of movement and consistency of limb movement during a task (2, 62, 79-82). 
It has been suggested by Bouwsema et al. (80), that using a number of outcome measures, 
combining kinematic measures with, for example, gaze tracking, can provide a more 
accurate quantification upper limb functionality.  These methods, whilst providing a more 
quantifiable measure of prosthesis functionality often require specialist equipment that is 
not readily available in the clinical environment. 
2.8.1. Assessing the Reliability of signal transduction 
Many myoelectric prosthesis users experience disruption when controlling their 
prosthesis, often resulting in unwanted prehensor activations or being unable to voluntarily 
activate the prosthetic prehensor(1). A previous study by Chadwell et al. (2) used a series of 
reaction time tests to investigate the variance and unpredictability of myoelectric signal 
transduction during voluntary activation of the prosthetic hand.  During this study the 
prosthesis user was required to respond as quickly as possible to an LED, which prompted 
them to either open or close the prosthetic hand. The activation of the prosthetic hand was 
recorded by a goniometer positioned on the first finger. This test was completed 10 times 
for each of the open and close functions, and whilst the limb is positioned 45° either side of 
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the horizontal. This was repeated in 3 conditions: an ‘ideal’ electrode contact, where the 
electrodes were bandaged to the skin; a standard prosthesis; and a weighted prosthesis. 
In order to investigate unwanted activations of the prosthetic hand, in a previous study 
Head (1), recorded the number of activations of the hand during 3 functional movements. 
The movements, initially described by Haslwanter et al. for anatomical limbs (83), are 
repeatable representations of movements used during ADLs. The myoelectric signals 
produced during the tests were recorded on the Ottobock MyoBoy software, and any signals 
that crossed the threshold level were counted as an activation of the hand. The 3 
movements were completed 10 times each under 3 load conditions (0g, 500g and 1kg). 
Chadwell also investigate this, using a goniometer positioned on the prosthetic forefinger to 
record unwanted activations during transition movements (84). 
2.9. The potential role of the socket in myoelectric limb 
control 
 The prosthetic socket, has a direct impact on the functionality and usage of a 
prosthesis; for example, a highly functional prosthesis would not be used if it were not 
comfortable, secure and could be reliably controlled (85). Benz et al. (27) reported that the 
majority of patients that were surveyed wish to have improved control of the prosthesis and 
a more comfortable or secure socket fit. Biddis and Chau (42) also determined, from a survey 
of upper limb prosthesis users, that unreasonable discomfort or difficulty in use led to 
rejection of the prosthesis. As the socket is the element of the prosthesis that determines 
the comfort and aids in the control of the prosthesis (41), it is important that the socket fit is 
optimal in order to reduce the chance of prosthesis rejection. The mechanics of standard 
self-suspending sockets allow slight movements to occur between the prosthesis and the 
residual limb (47). During normal usage with other prostheses (cosmetic or body-powered), 
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these movements may not significantly affect prosthesis control. However, with myoelectric 
prostheses, this is clearly not the case (85). 
Differential electrodes require a very stable and consistent contact with the residual 
limb. When the electrode shifts against the surface of the skin or one of the electrode bars 
‘lifts off’ from the skin while the others remain in contact the common mode voltage may 
dominate and a false signal, or ‘motion artefact’, can be created. This false signal can lead to 
unwanted activation of the prehensor and disrupt prosthesis control (38).  Indeed, the 
majority of myoelectric prosthesis users experience some unreliability in the response of the 
prehensor to EMG signals (1). A previous study has shown that the lateral shift of the 
electrodes has more impact on prosthesis control than a parallel shift with respect to the 
muscle fibres (86).  
In a study by Head (1), involving a questionnaire asking prosthesis users to score the 
perceived tightness of their socket and to state how often they experience disruption in 
control of the prehensor. All but the prosthesis user with the tightest perceived socket 
experienced some level of prehensor disruption, suggesting a tighter fit provides a better 
control interface. The study went on to compare prosthesis user functional performance 
wearing a socket in which electrodes are housed in the conventional manner, and 
performance wearing a socket in which electrodes are held firmly on the skin. The results 
suggested that maintaining good electrode-skin contact led to improved functional 
outcomes (1). Head also stated that ideally, the myoelectric electrodes would be adhered 
directly to the skin of the residual limb, to prevent electrode movement and any resultant 
disruption of the signal (1). However, as the prosthesis will be donned and doffed regularly 
this is not practicable. It was also proposed that the observed difference in functional 
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performance may be attributed to false signals or motion artefacts, most likely caused by 
the residual limb moving within the socket (1). 
Chadwell et al (2) then developed a protocol which built on the work of Head (1) 
assessing aspects of the unpredictability of myoelectric transduction and subsequent 
uncertainty of prehensor response. This protocol, designed to also assess prosthesis user 
functional skill in generating the sufficient level of EMG signal and ability to activate the 
appropriate muscles, includes a multistage functional task in order to evaluate a prosthesis 
user's functional skill. The prosthetic hand is also fitted with a goniometer to record the 
activation of the prehensor, including any unwanted activations during the functional tasks. 
Another part of the protocol investigates the unpredictability introduced to the myoelectric 
system by the skin-electrode interface. In order to determine both the unpredictability and 
delay in prehensor activation, participants were asked to complete a reaction time test 
which involves the participant reacting to a stimulus that prompts either the open or close 
function of the prehensor. The results from this study indicated that the prosthesis user with 
the looser fitting socket, and therefore a poorer electrode contact, experienced more 
uncertainty in the prehensor response and more unwanted activations (2, 84).  
The findings by Head (1) and Chadwell et al. (2) are consistent with a study by (87). In 
this study, they showed that with a fast and predictable prosthesis subjects are able to 
economically grip objects, even when deprived of all sensory feedback, however, grasping 
errors and a ‘significantly impaired performance’ occur in the presence of uncertainty. 
Saunders and Vijayakumar list ‘temporal uncertainty’ as a specific concern for myoelectric 
prosthesis users, as the EMG signals used to operate the prosthesis fluctuate as a result of 
sweat, movement, muscle fatigue and skin conductivity, concluding that “improving the 
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reliability of myoelectric transduction (reducing feedforward uncertainty)” is one approach 
to improving myoelectric prosthesis control (87). 
Both Head (1) and Chadwell (2) determined that a tighter socket and/or electrode fit 
provides a more reliable myoelectric interface. Many prosthesis users are, however, unable 
to tolerate a tight socket; consequently, there must be a compromise between comfort and 
function (1).  
2.10. Discussion and conclusions 
Socket fit is likely to be the primary cause of the electrodes being able to shift or lift 
with respect to the skin (1). In the UK, the current clinical standard for a trans-radial 
prosthesis is a UK Hybrid supracondylar socket. This socket, like all traditional trans-radial 
self-suspending sockets, suspends the limb around the proximal brim, which can allow 
movement of the limb within the socket (1, 47). As the electrodes are housed statically 
within the socket wall, if the limb moves within the socket, the skin electrode interface can 
be disrupted. There are several more recent types of sockets that attempt to stabilise the 
residual limb and maintain a more consistent electrode contact (43, 47, 61). These socket 
styles have more extensive and targeted contouring which provides relief areas for the 
musculature, whilst applying pressure to the load tolerant areas of the entire residual limb. 
However, these are not currently used in UK clinical practice due increased time and cost 
involved in rectification and manufacture. There is also little unbiased evidence as to the 
efficacy of these socket types that would justify the extra resources. 
High rejection rates of myoelectric prostheses are still an issue within clinics, with 
many users citing difficulty in controlling the prosthesis as a reason for rejection. Despite 
evidence that suggests that limb movement within the socket could be a cause of the 
disruption experienced by prosthesis users, there have not, to best of the author’s 
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knowledge, been any studies investigating the effect of socket design on the transduction of 
EMG signals in myoelectric prostheses. 
 
 
 
  
 
 
37 
 
3. Methods 
The majority of trans-radial myoelectric prosthesis users experience some level of 
difficulty and disruption in the control of their prosthesis everyday (1). This is contributing to 
the high rejection rates associated with this type of prosthesis.  Previous studies by Head (1) 
and Chadwell et al. (2) have suggested that the fit and/or design of the socket could be a 
contributing factor in the disruption of prosthesis control by introducing uncertainty and 
motion artefacts into the control system. However, there is currently no definitive 
prescription criteria that determines which socket should be employed for which type of 
prosthesis, and no validated data currently exists that examines the effect that each trans-
radial socket design has on myoelectric control. As introduced in Chapter 2: Literature 
Review, effective EMG signal transduction during prosthesis usage and wear is extremely 
important to prosthesis functionality. As the mechanical behaviour of the socket (and hence 
the probability of movement of the socket-located electrode with respect to the skin) will be 
influenced by the socket design, this chapter describes an evaluation of three clinically 
available trans-radial self-suspending sockets. The socket designs will be evaluated in terms 
of their effects on the reliability of transduction of the EMG signal. The three sockets chosen 
are the very first self-suspending socket, the Münster, the UK Hybrid and the latest, the 
longitudinal compression. The study required the production of a bespoke modular 
prosthesis that could be used in conjunction with each of the sockets, for each participant. 
The processes for the construction of the sockets are outlined in the following sections, and 
follow standard clinical, best practice for prosthetic socket shape capture, modification and 
manufacture.   
  The aims of the study were to investigate the effect of socket design on: 
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a) the reliability of voluntary-initiated signal transduction and  
b) The avoidance of unwanted signal artefacts 
in three self-suspending trans-radial sockets for use with a myoelectric prosthesis. 
The following sections outline the practical, clinical and analytical techniques used to 
achieve these aims, beginning with the recruitment of suitable participants. 
3.1. Participant Recruitment and Selection 
Ethical approval was obtained from the University of Salford Ethics Committee (Ref: 
HSR1617-81). The 6 participants for this study were recruited from the University of Salford’s 
professional patient database. The selection and recruitment process is outlined in Figure 
16. In order to participate, each person had to meet the following criteria: 
1) A trans-radial level of limb absence 
2) Previous experience using a myoelectric prosthesis 
3) No allergies to plaster of Paris or polyester resin.   
4) Medically stable i.e. no transient residual limb volume fluctuation 
5) No fixed contractures of the upper limb (prosthetic side only) 
6) Sufficient cognitive ability to follow basic instructions and perform activities of 
daily living necessary for completion of the assessment process. 
7) Age over 18. 
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FIGURE 16: SELECTION AND RECRUITMENT PROCEDURE 
3.2. Casting, Rectification & Manufacture 
Several weeks prior to testing the participants attended for assessment and casting. 
The entire assessment, casting and rectification process was carried out by the author (A 
A potentially suitable person i.e. trans-
radial myoelectric prosthesis user 
END 
User is on the University database 
User receives information sheet on Salford 
prosthetic activities 
User agrees for details to be passed to 
researchers at Salford University 
Send user initial contact letter re experiment 
User responds (by post) 
Contact user by phone  
User agrees to participate 
User visits Salford University and gives consent 
for role in study 
User visits Salford University for assessment 
and casting 
User is tested at Salford University 
END 
END 
END 
END 
NO CAST-END 
NO 
NO 
NO 
NO 
YES 
YES 
Does not wish to participate 
Does not wish to participate 
Not suitable 
User visits Salford University and has successful 
socket fitting(s)  
Re-cast and provided with a 
second fitting date 
NO 
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Monk) to avoid inter-prosthetist variability. The manufacture of all sockets was carried out 
by the same prosthetic technician. 
The participants were cast for the following three trans-radial sockets:  
1. UK Hybrid Supracondylar socket – referred to as UKHS 
2. Longitudinal Compression socket – referred to as LCS 
3. Münster socket – referred to as MS  
Prior to casting, the standard clinical measurements were taken of the residual and 
contralateral limb. To ensure optimal placement of the electrodes, they were initially 
situated on the limb at the approximate centre of the muscle belly; then with the assistance 
of the Ottobock MyoBoy display, they were shifted in half electrode increments 
mediolaterally and proximal-distally, to determine the positions which provided a 
consistently strong EMG signal. The final electrode position, anatomical landmarks and 
socket trimlines were then marked on the limb and a casting sock with indelible pencil. The 
author then created the casts for each of the socket types using plaster bandage, positioning 
the limb and contouring the cast with their hands to form the socket’s suspension in 
accordance with the unique design of each socket type. A positive plaster model of each 
socket type was formed from the casts, which was then rectified to enhance the contours 
created during the casting process. Between 2-5mm of plaster was added to areas to 
pressure intolerant areas, such as bony prominences or scar tissue to improve socket 
comfort, or removed from pressure tolerant areas such as the olecranon fossa to improve 
the suspension of the socket. Plaster was removed from around the electrode site to ensure 
there is a good contact with the residual limb once the electrodes were housed within the 
completed socket. Each socket was manufactured using the lamination process; layers of 
stockinette were impregnated with polyester resin using a vacuum and allowed to set. 
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Electrode dummies were positioned over the predetermined sites in order to create the 
recesses in the socket wall that would house the electrodes. A laminated hollow cylinder was 
added to the distal end of each socket to allow the rest of the modular prosthesis to be 
connected to the socket. The trimlines were sanded down and shaped in accordance with 
each design. 
Once the sockets were manufactured, the participants attended for an initial fitting 
appointment. During this appointment, any necessary adjustments we made to ensure a 
satisfactory level of comfort, suspension and functionality. The level of comfort was 
determined by the relevant participant, whilst suspension and functionality were assessed 
by the author via the use of the appropriate clinical socket check-out procedure for each 
socket type. If all of these criteria were not met following reasonable adjustments, then the 
participant was recast and the socket remade. The participant was then required to attend 
for a second fitting appointment, using a similar approach, until each criteria was achieved. 
The casting, rectification, manufacture and fitting procedures are depicted in Fig 17. 
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FIGURE 17: THE CASTING, RECTIFICATION, MANUFACTURE AND FITTING PROCEDURE 
Experimental 
Methodology 
 
Fitting to check socket 
fit and electrode contact 
 
Manufacture 
 
Assessment, 
measurements, and 
casting 
 
Rectification 
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3.3. Experimental methodology 
The protocol is shown in Figure 18.  
On the assumption that the differences between sockets would be seen most clearly 
under loaded conditions, the protocol compared user behaviours in a baseline no-socket 
“ideal” condition (in which electrodes are held firmly on the skin) with performance using 
each of the 3 weighted sockets in turn. Under each condition the participant’s ability to 
initiate planned activation and avoid unplanned activations was assessed. The ability to 
initiate a planned activation was assessed using a reaction time test and the ability to avoid 
unplanned activations was assessed using a functional movement test. The experimental 
equipment is explained in Section 3.4, the reaction time tests are explained in Section 3.5.1, 
and the functional movement tests are explained in Section 3.5.2 and. Finally, the qualitative 
assessment is described in Section 3.5.3.  
FIGURE 18: EXPERIMENTAL PROCEDURE 
LCS: 
1. Reaction Time Tests 
2. Functional Movements test 
 
Participant rests whilst 2nd 
prosthesis is assembled 
Participant rests whilst 3rd 
prosthesis is assembled 
MS: 
1. Reaction Time Tests 
2. Functional Movements test 
 
No socket:  
1. Reaction Time Tests 
2. Functional Movements test 
2.  
 
 
UKHS: 
1. Reaction Time Tests 
2. Functional Movements test 
Qualitative Questions 
44 
 
3.4. Equipment 
  The test equipment consisted of: (1) Two socket-located electrodes, (2) A 
myoelectric prosthetic prehensor, (3) An adapter allowing for the myoelectric prehensor to 
be connected to the socket, (4) The MyoBoy clinical myoelectric assessment system, (5) A 
goniometer situated on the hand to record the activation of the prosthesis, (6) A purpose 
built reaction time box (see Ethics application HSCR 15-130)), connected via an Arduino 
interface to (7) A laptop computer.  
 The set of three different socket types were presented to each subject in the same 
order (UKHS, LCS, then MS). The participants were not informed of the order of the sockets 
until after the entire experimental procedure was complete, so as not to influence their 
answers during the qualitative assessment. The participants were invited to repeat the tests 
described below under 2 conditions (A – no socket and; B –socket with additional 500gm 
load strapped to the socket). In the first condition, (A) representing the ‘ideal’ electrode skin 
interface, the participant performed the tests with the electrodes firmly strapped to the skin 
and the prosthetic hand placed on the table in front of the participant (Fig 19)t. The optimal 
positions for the electrodes for the no socket condition were located by following the same 
procedure that was completed prior to casting using the MyoBoy software.  In the other 
condition (B), the participant performed the tests while wearing a socket and prosthetic 
hand, and with a 500gm load strapped to the socket. The loaded condition represents cases 
in which the subject will have acquired an object in their prosthetic hand (Fig 20). 
Throughout the experimental procedure the electrode output was directed to both the 
prosthetic prehensor and the MyoBoy software, to provide a visual read out of the EMG 
signal. 
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Electrode 
Accelerometer 
Weight 
Accelerometer Goniometer 
Electrode 
FIGURE 19:  THE WEIGHTED SOCKET CONDITION EXPERIMENTAL SET UP  
FIGURE 20: THE 'NO-SOCKET' CONDITION FOR 
PARTICIPANT 1006 
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3.5. Experimental tasks  
To evaluate the effectiveness of each socket in maintaining a reliable electrode-skin 
interface, the protocol by Chadwell (2) was adapted. In brief, the experiments were designed 
to evaluate the reliability with which the participant can: 
a)  initiate a planned activation of their prosthesis and; 
b) avoid unplanned activation of their prosthesis.   
3.5.1. Initiating planned activation test 
In order to investigate the participant’s ability to initiate prosthesis movement across 
different sockets, the participant was asked to complete a reaction time test (Fig 21); with 
the forearm in 2 orientations, 45° either side of the horizontal, as described by Chadwell et 
al (2),as the limb is likely to be in these positions during ADLs. An accelerometer positioned 
on the forearm provided a means of measuring the orientation of the arm. The goniometer 
situated on the prosthetic forefinger recorded the movement of the prehensor during these 
tests, consistent with the protocol described by (2).  
The reaction time box is comprised of 3 LED lights, a screen and a button. The 2 
larger LEDs indicate to the participant when to open (top light) or close (bottom light) the 
prehensor. The participant could control when each test began using the screen prompts 
and the button.  
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The participant started the test with the prehensor in a neutral position, and then 
(when prompted by a light on the box) activated the prehensor as instructed. The difference 
in time between the onset of the large LED (prompt) and the onset of prosthesis activation 
was defined as the reaction time. The reaction time test was completed a total of 10 times 
under each condition and position, with 5 tests for the open function and 5 for the close 
function of the prosthetic prehensor.   
3.5.2. Avoiding unplanned activation test 
To investigate the frequency of unplanned activations the participant was asked to 
complete a series of movements involved in ADLs, while simultaneously attempting to avoid 
any contraction of muscles in the residuum (and hence any activation of the prosthetic 
prehensor). A goniometer situated on the prosthetic forefinger measured the aperture of 
the hand, and recorded any unwanted activation of the prosthetic prehensor during the 
movements. The movements were adapted by Head (1) from a protocol developed by 
Haslwanter and Waldhör (83). Head noted that prosthesis users found the third movement 
that was initially described, ‘hand to ipsilateral hip pocket’, awkward and difficult to reliably 
complete, partially due to the restrictions of the experimental set up. In order to make the 
FIGURE 21: THE REACTION TIME TEST 
SET UP 
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protocol more comfortable and repeatable for the participants, the final ADL movement in 
Head’s protocol was changed from ’hand to ipsilateral hip pocket’ to ‘elbow extension’. 
Each movement, (Fig 22), was first described and demonstrated to the participant. 
The participant completed each movement 10 times starting from a sitting posture with 
both the prosthesis and the anatomical hand resting palm down on the thighs. 
 Hand to shoulder – move the prosthesis across the body so that the index finger of 
the prosthesis touches the contralateral shoulder 
o ADL relevance: Tasks that require reaching across the body such as putting on 
a jacket or eating 
 Reach – raise the prosthesis directly in front of the body, so the index finger is parallel 
with the eye line. 
o ADL relevance: Tasks in front of the body such as picking up an item from a 
shelf 
 Elbow extension – extending the prosthesis downwards so that the elbow is at full 
extension. 
o ADL relevance: Tasks low and to the side of the body, such as picking 
something up from the ground 
Reach Elbow Extension Hand to Shoulder 
500g 
500g 
500g 
FIGURE 22: MOVEMENTS OF THE FUNCTIONAL MOVEMENT TEST 
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3.5.3. Qualitative Data  
During the initial assessment and measurement procedure, each participant was 
asked to rank the comfort, cosmesis and function of their prosthetic limb in order of 
importance. Upon completion of testing each participant was invited to complete a 
questionnaire which required them to rank each socket in the following categories: comfort; 
ease of control; and overall preference.   
3.5.4. Data analysis 
To analyse how the socket type affected the participants’ ability to initiate planned 
activation, the standard deviation of the reaction time data was calculated for each 
condition.  Occasions where the participant failed to activate the hand or activated 
incorrectly were disregarded.  The socket conditions were compared in turn to the ‘ideal’ no 
socket condition, to determine the effect that each socket had on the participants ability to 
reliably activate the hand. The data from the unwanted activation tests was nominally 
categorised as either ‘activation’, if movement was recorded by the goniometer on the 
prosthetic hand, or ‘no activation’ if no movement of the hand occurred.  The data from all 3 
movements was collated by socket type, and compared to the ‘ideal’ no socket condition. 
The data was also compared with the participants own perception of socket comfort and 
reliable control, to examine whether a perception of reliable control was linked to socket 
comfort rather than actual experimental values.
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4. Results 
4.1. Recruited Participants 
The 6 recruited participants, listed in Table 1, were provided with the relevant 
patient information and consent documentation which is attached in Appendix A: Ethical 
Approval and related documents. The sixth participant (1006) has a longer residual limb and 
was only suitable for the first two sockets.  
Participant Age Gender Cause of 
Limb Absence 
Date of 
Limb 
Absence 
Side of 
Limb 
Absence 
Length of 
Residual 
Limb (mm) 
Current 
prosthesis 
1001 46 Male Congenital N/A Right 100 Myoelectric 
1002 60 Female Congenital N/A Right 95 Cosmetic 
1003 70 Male Congenital N/A Left 90 Cosmetic 
1004 83 Male Industrial 
Accident  
1953 Left 117 Cosmetic 
1005 74 Male Congenital N/A Left 105 Cosmetic 
1006 45 Male Congenital N/A Left 165 Mechanical 
– Weekdays 
Myoelectric 
- Weekends 
TABLE 2: RECRUITED PARTICIPANTS 
4.2. Experimental Data 
4.2.1. Voluntary Activation – Reaction Time Tasks 
The participants’ performance in the Open function often differed from that of the close 
function, during the reaction time trials, where as the position of the limb either side of 
horizontal did not. Therefore, only the two functions are reported separately. 23 illustrates 
there is a wide spread of reaction times for each of the three socket types, yet there is a 
range of only 156.75ms between the median reaction times.   
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The standard deviation (SD) the reaction time data was calculated for each socket 
condition, and for each operation of the hand (open/close) (Fig 24). The SD for the ‘close’ 
function as consistently larger than the ‘open’ function for that socket condition, suggesting 
the participants found it more difficult to produce a sufficient EMG signal. In order to 
account for the inter-participant variability, a method used by Chadwell (84) was 
implemented to calculate the amount of unpredictability introduced by the socket when 
initiating a planned activation which was as follows:  
                                              
These results, which are displayed in Table 3, showed that the UKHS introduced the 
least amount of unpredictability when activating the hand for the Open Function, and also 
provided a considerably lower SD than the no-socket condition in the close function.  The 
Münster socket exhibited the largest difference in spread in the ‘open’ function, and the LCS 
 NS 
Open 
NS Close UKHS 
Open 
UKHS 
Close 
LCS 
Open 
LCS 
Close 
MS 
Open 
MS 
Close 
Min 186 174 174 91 182 168 138 124 
Q1 267.75 273.25 275 283.5 274.75 333.75 263 318 
Q2 323.5 478 345 364 329.5 402.5 311 399.5 
Q3 415.75 692.75 429 482.5 442.25 627.5 433 597.75 
Max 676 851 724 836 792 919 910 911 
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FIGURE 23: BOX PLOTS COMPARING THE REACTION TIMES RECORDED FOR 
EACH SOCKET CONDITION 
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is the only socket condition that had a larger spread than the no socket condition for the 
‘close’ function. 
 
 
Reaction times / socket 
UK Hybrid Supracondylar 
(UKHS) 
Open 15.83 
Close -32.91 
Longitudinal Compression 
(LC) 
Open 29.74 
Close 4.20 
Münster (M) 
Open 70.55 
Close -8.81 
n=56 
n=57 
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FIGURE 24: SD OF ALL SUCCESSFUL REACTION TIME TRIALS BY SOCKET AND HAND FUNCTION (N= 
NUMBER OF SUCCESSFUL TRIALS) 
TABLE 3: DIFFERENCE IN SPREAD OF 
REACTION TIME DATA 
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4.2.2. Involuntary Activation – Functional Movement Tasks 
Figure 25 shows the percentage of the movement trials that the prosthetic hand 
involuntarily activated for all participants and functional movements. It can be seen 
that during the no socket ‘ideal’ conditions the prosthetic hand activated in 
approximately 30% of trials. All 3 socket types experienced more unwanted 
activations than the ‘ideal’ no socket condition, with the UKHS and LC sockets both 
experiencing unwanted activation in approximately 65% of trials, and the Münster 
socket in approximately 75% of trials.  
 
 
4.3. Participant Priorities and Socket Scores 
As shown in Table 4, the majority of participants stated that the comfort of their 
prosthesis was their highest priority, with only 2 citing the cosmesis to be more important. 
The function of the prosthesis is not the highest priority for any of these participants, rather 
4 of the 6 participants listed it as their lowest priority. 
  
FIGURE 25: PERCENTAGE OF TRIALS THAT CAUSED AN UNWANTED 
ACTIVATION BY SOCKET TYPE 
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TABLE 5: PARTICIPANT SOCKET SCORES  
1= LEAST FAVOURED SOCKET 3= MOST FAVOURED SOCKET 
 
 Comfort Cosmesis Function 
1001 1 3 2 
1002 1 2 3 
1003 2 1 3 
1004 1 3 2 
1005 2 1 3 
1006 1 2 3 
 
The participants’ socket scores are shown in Table 5 and Fig 26. The socket scores for 
participant 1006 were not included in Table 5 due to only being fitted with 2 of the 3 
sockets.  The Münster socket was the least preferred socket in all 3 categories. Each 
participant stated that the most, or joint highest in the case of participant 1001, comfortable 
socket was their overall preferred socket. All the participants, with the exception of 1005, 
stated that their preferred socket was the same style as their current prescription. 
TABLE 4: PARTICIPANT PROSTHESIS PRIORITIES  
1= HIGHEST PRIORITY 3= LOWEST PRIORITY 
 UK Hybrid 
(UKHS) 
Longitudinal Compression 
(LCS) 
Münster 
(MS) 
Comfort 
1001 2.5 2.5 1 
1002 3 2 1 
1003 3 2 1 
1004 3 2 1 
1005 1 3 2 
Ease of Control 
1001 3 1.5 1.5 
1002 3 2 1 
1003 2 3 1 
1004 3 2 1 
1005 1 3 2 
Overall Preference 
1001 3 2 1 
1002 3 2 1 
1003 3 2 1 
1004 3 2 1 
1005 1 3 2 
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FIGURE 26: PARTICIPANT SOCKET SCORES BY SOCKET TYPE 
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5. Discussion and Limitations 
Many myoelectric prosthesis users experience difficulty when controlling their devices 
during everyday tasks (1). The aim of this study was to investigate the effect of socket design 
on the transduction of EMG signals in trans-radial myoelectric prostheses. Each of the six 
participants were asked to carry out the experimental procedure under four conditions, an 
‘ideal’ no socket condition and three weighted socket conditions. A reaction time test was 
conducted in order to investigate the effect of the socket design on the participants’ ability 
to initiate planned activation. The amount of unpredictability introduced by each socket was 
assessed by comparing the Standard Deviation (SD) of the socket reaction times to that of 
the ‘ideal’ No Socket (NS) condition. To investigate the impact of socket design on the 
participant’s ability to avoid unplanned activation, a functional movements task was 
performed, which incorporated movements used in ADLs. The percentage of trials that 
resulted in an unwanted activation was then compared to the ‘ideal’ NS condition. Upon 
completion of the experimental procedure the participants were asked to score each socket 
based on 3 categories: ‘Comfort’, ‘Ease of Control’ and ‘Overall preference’. The 
experimental data was compared to the participants’ scores for each socket to examine 
whether the perceived reliable control provided by a socket was affected by the participants 
perception of socket comfort.  
5.1. Initiating Planned Activation 
Due to the variation in reaction times between the ‘open’ and ‘close’ functions of the 
hand, the results were reported separately. All of the participants found the ‘close’ function 
more difficult to operate than the ‘open’ function, producing generally slower and more 
varied reaction times when attempting the ‘close’ function. This is unlike the data collected 
by Chadwell (84), in which the ‘close’ function produced faster and less varied reaction 
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times. As previously stated in Chapter 4: Results, the median reaction time for each of the 
socket types all fell within a very small range of just 156.75ms of one another. Of the three 
socket types employed within the study, the UK Hybrid Supracondylar (UKHS) introduced the 
least amount of unpredictability when initiating a planned activation. The SD of the reaction 
times was the lowest of the three socket types and most similar to, or less than in the case 
of the ‘close’ function, the no-socket condition. These results should be interpreted with 
caution however, as the difference between sockets is a matter of milliseconds.  For 
example, whilst the difference in spread (DS) of the UKHS was 15.83ms (the lowest DS of the 
three socket conditions) the Longitudinal Compression (LCS) (second lowest DS) had a DS of 
29.74 ms, a difference of approximately 14ms, which may not be noticeable to a prosthesis 
user.  
The no-socket condition, which represented an ‘ideal’ contact, did not have the 
lowest SD of the 4 socket conditions in the close function; rather two of the three sockets 
(UKHS and Münster (MS)) produced a lower SD. One potential reason for this could be the 
electrodes shifting out of position or alignment during the initial bandaging of them to the 
limb, or during muscle contraction where the limb changes shape under the bandage. 
Another cause of this could be the potentially irregular anatomy a congenitally absent limb 
in which the distribution, location and alignment of relevant residual limb musculature can 
differ from that present within anatomically intact limbs (1, 88, 89). This may result in 
increased levels of cross-talk, which occurs when signals from muscles other than the 
‘target’ muscle interfere with the target signal (90). Increased layers of subcutaneous fat 
may also be evident, which again can dissipate the signal and enhance the effects of cross 
talk (90). Finally, as the no-socket condition was carried out first, the learning effect may 
have had an impact on the socket conditions as the participants became more familiar with 
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the equipment and procedure.  This finding is inconsistent with the previous study by 
Chadwell (84), in which the ‘ideal’ NS interface provided the most reliable electrode-skin 
interface. It is, however, consistent with a previous study by Head(1), where the ‘ideal’ 
interface resulted in a lower SHAP score than the experimental electrode housing. This 
inconsistency may in part be due to the fact that the participants from Chadwell’s study 
were all active myoelectric prosthesis users whereas the participants Head’s study were also 
recruited from the University of Salford professional patient database. The majority of these 
prosthesis users have experience of using a myoelectric prosthesis, but are not currently 
active users.  
The reaction time test was a useful for investigating the participants’ ability to 
voluntarily activate the hand, as it reliably provided quantifiable values for each socket. It is 
not however, as representative of everyday prosthesis usage as some other clinical 
assessment tools such as the SHAP (13).  
5.2. Avoiding Unplanned Activation 
Despite the supposed ‘ideal’ electrode contact in the no socket condition, in 
approximately 31% of trials the prehensor involuntarily activated. This may be due to a 
number of reasons as discussed in 5.1 Initiating Planned Activation including; a high 
electrode gain setting or the irregular musculature of the congenital limb could activate the 
muscle groups during the functional movements. All three socket types caused significantly 
more unwanted activations with none of them providing a notably more stable electrode 
contact than the others; both the UKHS and LCS involuntarily activated in approximately 66% 
of trials and the MS in approximately 75% of trials. This data suggests that the socket has a 
negative impact on the ability to avoid unplanned activation of the prosthetic prehensor, 
which is in concurrence with the findings of Head (1). It is likely that this is as a result of 
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motion artefact within the myoelectric control system caused by the residual limb moving 
within the socket. 
The functional movement tasks proved to be a repeatable method of investigating the 
effect of the socket on the ability to prevent unwanted hand activation. The adaptation of 
the ‘elbow extension’ movement from ‘hand to hip pocket’ as previously used by Haslwanter 
and Waldhör (83) and Head (1), made the protocol easier for the participants to consistently 
repeat the movement.  Whilst each participant found the movements were repeatable, 
there was likely some inter-participant variation in the speed and accuracy of the 
movements, which may have affected the overall results. 
5.3. Participant Socket Scores 
The comfort of the socket appeared to have the most influence on each person’s 
overall socket preference.  For each participant the most or equally most comfortable socket 
was chosen as the overall preferred socket, even if comfort was not listed as their highest 
priority. With the exception of Participant 1005, the socket that was their overall preferred 
socket was the same style as their current prescription. The familiarity of the socket fit may 
influence their scoring when ranking the socket styles. Similarly, the unfamiliarity of the 
other socket styles, particularly the MS, which has a significantly different and higher 
proximal trimline and can limit elbow flexion and impinge on the biceps tendon, could 
negatively impact their satisfaction with socket fit (48, 50, 53). This may be of note for 
clinicians and therapists, who would be best advised to maintain the same socket style 
where possible when a prosthesis user is transitioning for example from a cosmetic to a 
myoelectric prosthesis.    
The participants’ perception of ‘Ease of Control’ with each socket was relatively 
consistent with the experimental data that was collected, with the exception of the median 
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reaction time, as can be seen in Fig 27-29. This is in agreement  with previous reports from 
Saunders & Vijayakumar (87) and Chadwell et al (2), which suggest that uncertainty in 
response is more of a contributing factor in lack of control than a delay.  
 Whilst all participants cited the most comfortable socket as their overall preferred 
socket, for the majority, in the ‘hand open’ function, this was also the socket that produced 
experimental data closest to that of the ‘ideal’ no socket interface, the UKHS. It is therefore 
not possible to definitively conclude whether the comfort of the socket had a significant 
impact on a person’s perception of ease of control. 
The participant’s perceived socket scores provided a useful insight into the 
correlation between user experience and the experimental data. However the three 
questions had a very limited scope and were relatively vague, resulting in very similar scores 
across the 3 categories for each socket. If the study were to be completed again perhaps 
more specific questions could be included to provide a greater insight.  
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5.4. Limitations 
The subject pool for this study was very small and limited primarily to short, 
congenital residual limbs. Timescales and fitting schedules and requirements meant that the 
participant numbers we could feasibly employ would be limited, due to the time it takes to 
manufacture the socket and gain the additional ethical approval required to recruit 
participants outside of the university. As a result, only 6 participants were recruited-
however, this is relatively large within this area of clinical practice and research (1). This 
notwithstanding, the small numbers of participants meant that we were unable to see any 
statistically significant differences between the usage of the different socket types or make 
any generalisations for the entire upper limb population at this time, despite some 
interesting features within the results. For future investigations it would be interesting to 
see the results with wider ranges of causes of limb loss and length of residual limbs. 
During the experimental procedure we experienced some inconsistencies with the 
hand function, notably that there were several occasions when the hand opened instead of 
closed even though the MyoBoy readout suggests that the participants were sending the 
correct signal (Fig 30). This was discovered during the testing of Participant 1005, so it is 
possible that instances where it was assumed that the earlier participants either had made a 
mistake or were unable to produce the correct signal, it may have been the hand responding 
incorrectly. Similarly, there could be some false correct movements as in that the participant 
was actually producing an incorrect close signal, but the hand opened anyway, potentially 
indicating an issue with the processor.  
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The reaction time test, (used to investigate the prosthesis user’s ability to initiate 
planned activation) enabled us to quantify their movements, but isn’t particularly indicative 
of real world prosthesis use. Observationally, outside of the trials, the participants tended to 
use their limb in a steadier, more relaxed manner rather than employing a more distinct, 
sudden reaction. During the reaction time test trials, however, the participants sent a more 
aggressive and almost excessive signal. The SHAP (13) was considered for this testing, which 
may give more real world situations, but as the focus of the investigation was on the effect 
of the socket on EMG signal transduction rather than the ability to complete a task, the 
reaction time test was deemed more appropriate. Similarly, unless they are bilateral 
prosthesis users, the majority of prosthesis users would use their anatomical limb to 
complete the tasks.  
There is also the potential for human error during the testing and manufacturing 
process. It is possible that the electrode sites may not have ended up in the exactly correct 
place in the socket due the significant opportunities for shifting during both the casting, 
rectification and manufacturing processes. Similarly, it is possible that the ‘ideal’ contact 
condition could be affected by the electrodes shifting laterally whilst bandaging them to the 
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limb, resulting in them not being in the most ideal location. It is also possible that, whilst the 
electrodes were situated in the correct orientation to the muscle fibres anatomically intact 
limb, the alignment of muscle fibres in a congenitally absent limb may be different from the 
norm.  The use of an adjustable electrode housing device, as outlined by Head et al (2013) 
(91) may be of some use to counter these variables.  
In this study the socket conditions were presented to all of the participants in the 
same order. If this study were to be repeated, the order of socket conditions should be 
randomised, so the results are not affected by participant learning and familiarisation with 
the experimental equipment and procedure. 
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6. Summary and Conclusions 
The main aim of this thesis was to investigate how the use of different trans-radial socket 
designs could influence the reliability of EMG signal transduction at the electrode-skin 
interface and hence affect functional myoelectric control. The socket is generally perceived 
to be the most significant component within any given prosthesis, but prescriptions to this 
point focus on residual limb length as the primary factor of choice within a trans-radial 
prosthesis. This study was completed to try to determine if myoelectric control could be 
improved through the selection of specific socket designs, notably newer, more modern 
versions, such as the longitudinal compression socket (LCS).  
Each socket was assessed in two distinct ways. Firstly, by determining the impact it had 
on the prosthesis user’s ability to initiate a planned activation of the prosthetic prehensor, 
using a reaction time task, and secondly, by determining the impact it had on the prosthesis 
user’s ability to avoid an unplanned activation of the prosthetic prehensor using a functional 
movement task.  The UK Hybrid Supracondylar (UKHS) socket offered the best performance 
according to our data, but the differences between the sockets during the ‘planned 
activation’ trials were often very small, and would most likely be imperceptible to the 
prosthesis user.  During the ‘unplanned activations’ task all three socket types caused 
considerably more unwanted activations than the No Socket (NS) condition, with the 
Münster (MS) socket in particular offering poor performance in relation to that offered by 
the other sockets. It would therefore appear that socket or electrode designs need to afford 
some mechanism by which the electrode stays in secure contact with the skin at all times, a 
fact also noted by Head(1).  
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These results also show that there isn’t a particular style or design of the socket that 
provides a significantly better interface for the transduction of EMG signals, but moreover 
that the choice of preference may be a factor linked to comfort and familiarity alongside 
functionality. In addition, the fact that the NS condition was by no means perfect and also 
led to some disruption suggest that the changes in shape and size caused by the muscular 
contractions may influence the signal uptake even when the electrode is initially at least 
secured to the skin. 
  Significantly, it would also appear that factors not studied here, such as the overall fit of 
the socket, ensuring there is a comfortable and secure suspension, have more of an effect 
on the successful transduction of EMG signals than the particular socket design. With this in 
mind, it is important that training is provided in order that prosthetists can become familiar 
with the relevant socket type, and be able to deliver a good fit reliably and repeatedly. For 
established prosthesis users, changing socket designs as a matter of course when changing 
prosthesis type, would appear to be less important from the results seen here. 
The results also suggest that there will always be some level of disruption experienced by 
myoelectric prosthesis users with the current control systems. Therefore, the focus should 
be to limit this disruption as much as possible, while providing comfortable sockets of a 
design that is familiar to the prosthesis user, but which offer greater levels of suspension and 
surface contact. Identification of which movements are more liable to cause unwanted 
activations could influence the clinical assessment process by focusing on the affected tasks 
and movements are likely to be performed by the prosthesis user. 
The secondary aim of this thesis was to understand whether the comfort of the socket 
had an impact on their perception of ease of control. The participants were asked to score 
each sockets in three categories, which was then compared to the collected experimental 
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data. The participants consistently chose the most comfortable socket as their overall 
preference. However, for the majority this was the UKHS, which also performed the best 
during the experimental trials. Whilst comfort may influence a prosthesis user’s perception 
of a socket, it is not possible to definitively confirm this from the data collected. Moreover, 
the preferred design would reasonably be assumed to be composed of a number of features, 
as previously mentioned.  
Given the propensity now to create and construct ever more intricate prosthetic hands, 
offering large numbers of degrees of freedom, the importance of the control system has 
become greater than ever. To this end, it is vital that socket designs and fittings are created 
to ensure that the user has the best chance of successful rehabilitation and functional 
control. For this reason, clinical input and time spent during socket casting, rectification and 
fitting should not be underestimated or ignored.    
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7. Appendix A: Ethical Approval 
Supporting Documents 
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Participant Invitation Letter 
Abigail Monk 
PO30, Brian Blatchford Building 
University of Salford 
Salford 
M6 6PU 
Tel: 07935264779 
Email: A.Monk@edu.salford.ac.uk 
 
Assessing the effect of socket design on the reliability of myoelectric control in transradial 
amputees and investigating novel approaches to the assessment of socket fit. 
 
Dear Sir or Madam,  
I am writing to enquire if you would like to take part in postgraduate research regarding 
socket design for myoelectric prosthesis users. 
The invitation covers two complementary projects, described in the accompanying two 
information sheets. You may choose to participate in neither, the primary study (Participant 
Information Sheet 1) or both studies. If you decide to participate in one or both studies, you 
will be invited to visit the University of Salford on four occasions. If you choose to participate 
in both studies, the last of the four visits will take longer than if you decide only to 
participate in one study. 
Before you decide if you would like to participate in one or both studies it is important to 
understand why the projects are being done and what they will entail. Please take time to 
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carefully read the Participant Information Sheets included with this letter and discuss them 
with others if you wish. Please contact me if there us anything that is not clear, or if you 
would like more information. 
If you would like to participate, please contact me via phone, email, or return the form(s) via 
post to the above address. If you would like to take part in both studies, please complete 
and return Participant Consent Forms 1 and 2. If you decide to take part in one study please 
complete and return Participant Consent Form 1.  
Please do not hesitate to contact me if you have any questions. 
Yours faithfully,  
Abigail Monk 
Postgraduate Researcher 
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School of Health Sciences, University of Salford 
Participant Information Sheet 1 
Assessing the effect of socket design on the reliability of myoelectric control in transradial 
amputees. 
INFORMATION ABOUT THIS DOCUMENT  
You are being invited to take part in a research study to help us learn more about 
important issues related to the successful provision and control of myoelectric 
prostheses. Before you decide if you would like to take part, it is important for you to 
understand why the research is being done and what it will involve. This document 
provides you with important information about the purpose and benefits of participating 
in the study.  
 
Please take time to read the following information carefully and discuss it with 
others if you wish. Ask us if there is anything that is not clear or if you would like more 
information. Take time to decide whether or not you wish to take part.  
BACKGROUND TO THE STUDY 
We know that many people find using an upper limb prosthesis difficult, and are 
sometimes frustrated that their prosthesis does not work as effectively as they would like. 
For some people using myoelectric prostheses this can be because the hand may act 
unreliably during everyday tasks. The main objective of this research study is to provide 
more information as to the effect of the socket on the reliability of hand movement. We 
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plan to use this information to guide the prescription of prostheses for all users that will 
maximize the benefits for all those affected by upper limb absence.  
 
This study will initially involve up to 10 participants that are affected by upper limb 
absence and have experience of using a myoelectric prosthesis. Participating in this study 
is completely voluntary and you may withdraw at any stage or time. 
 
Contact details are provided at the end of this information sheet, and you are very 
welcome to discuss any of the information provided with the lead researcher using the 
contact details provided.  
WHAT WILL HAPPEN TO ME IF I PARTICIPATE IN THIS STUDY? 
How long will it take to complete the study? 
If you agree to take part in the study, you will be required to visit the clinical area 
within the Brian Blatchford building at Salford University. Up to four visits, at 
approximately 2 week intervals, may be required to complete the study. The times for 
each visit are as follows:  
 
- Initial assessments and casting (1 hour) 
- Socket Fitting and adjustments (1-2 hours) 
- Second Socket Fitting and adjustment if required (1-2 hours) 
- Prosthesis trials and testing session (2 hours +). 
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The fitting and testing session may be reduced, depending on the fit of the socket and 
the adjustments necessary as judged by the prosthetist, or if you decide to withdraw from 
the study. 
What transportation will be available to me? 
The researchers will arrange and pay for a taxi to pick you up and to take you back 
home at the end of each visit. Alternatively, if you would like to make your own transport 
arrangements, we will refund any reasonable costs that you incur.  
What investigational procedures or treatments is the study composed of? 
1. Prosthetic history and prosthesis usage assessment via interview. This will cover 
questions about your current level of prosthesis use and strength and movement 
range in the upper limb.  
 
2. Casting procedure: this will be very much in line with the normal casting process 
that you will be familiar with at your limb centre. Plaster of Paris bandage will be 
used to create three moulds of your residual limb which will then be used to 
manufacture 3 prosthetic sockets. You will be provided with an apron which will 
cover most of your clothes, but you are advised to wear work clothing as a small 
amount of plaster may splash onto them during this procedure. 
 
3. Fitting and assessment: On the second visit, you will have your sockets fitted, and 
adjusted if necessary to ensure a comfortable fit. Another visit may be necessary if 
the sockets cannot be adjusted correctly the first time around. Once you have 
confirmed that the sockets are comfortable, we will begin to incorporate the 
required components to ensure that the prostheses are not only comfortable but 
also functional. You will be asked to perform basic exercises, under supervision, 
using the prostheses, which will be used to evaluate the fit of the prostheses. 
These activities will only be undertaken when the prosthesis has been suitably 
assessed by all parties, including you, as comfortable and usable. You will be able 
to stop any activity at any stage of the process.     
 
4. Participation in this study will not affect the usual care that you would receive 
from the NHS; and we will not be asking you to make any changes to your lifestyle 
before, or during the testing period. Evidence of health concerns, such as 
problems with your residual limb or upper arm on your affected side, may affect 
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your inclusion in the study but will be discussed with you. Transport arrangements 
will not be affected: a taxi paid for by the researchers will take you home. 
RISKS & POTENTIAL BENEFITS OF THE STUDY 
What risks are involved in participating in the study? 
There is no risk of severe injury or illness: this study will be performed using 
standard clinical techniques, employed by a state-registered Prosthetist/Orthotist. The 
risk of injury is minimal, and on a par to that within a standard limb centre or clinical 
facility. 
 
It is unlikely that the testing will encroach on any sensitive issues, however, if at 
any time you feel uncomfortable or distressed then the testing will be stopped 
immediately. There are several options available to you if you feel like you need 
additional support after the study. 
 
The Limbless Association 
Unit 10 
Waterhouse Business Centre 
2 Cromar Way 
Chelmsford 
Essex CM1 2QE 
t: 0800 644 0185 | e: enquiries@limbless-association.org 
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Samaritans 
Freepost RSRB-KKBY-CYJK 
PO Box 9090 
STIRLING  
FK8 2SA 
t: 116 123 | e: jo@samaritans.org 
 
If you were contacted through your NHS limb centre you may also contact your 
local NHS PALS (Patient Advice and Liaison Services), contact details for which vary 
between locations. 
 
If I participate in this study, can I also participate in other studies? 
Being in more than one research study at the same time, or even at different 
times, may not be safe. Possible procedures used in other studies may negatively affect 
your ability to perform this study. If you decide to participate in this study, you should not 
take part in other studies without approval from the researchers involved. 
What benefits are involved in participating in the study? 
The researchers cannot promise any direct benefits from this study. However, we 
do hope the information gathered in this study will improve myoelectric prosthesis 
performance for all.  
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What if something goes wrong? 
If you are harmed by taking part in this research project, there are no special 
compensation arrangements. If you are harmed due to someone’s negligence, then you 
may have grounds for a legal action but you may have to pay for it. Regardless of this, if 
you wish to complain, or have any concerns about any aspect of the way you have been 
approached or treated during the course of this study, the normal University complaints 
procedure is available to you. In the first instance please contact the Researcher or 
Supervisor with any concerns or complaints. If you feel like they have not been 
appropriately addressed or resolved please contact the Research Centres Manager, 
contact details are below. 
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Supervisor: 
John Head 
University of Salford 
PO47 Brian Blatchford Building 
Frederick Road Campus 
Salford 
M6 6PU 
t: 0161 295 2303  
e: j.head@salford.ac.uk 
Research Centres Manager:  
Anish Kurien  
University of Salford, 
G.08, Joule House 
Acton Square,  
Salford 
M5 4WT 
t: +44 (0) 161 295 5276   
e: a.kurien@salford.ac.uk 
 
For participants contacted through their NHS limb centre, the NHS complaints procedure 
is also available to you, by contacting NHS England. 
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NHS England 
PO Box 16738 
Redditch 
B97 9PT 
t: 0300 311 22 33| e: england.contactus@nhs.net 
ENDING THE STUDY 
What if I want to leave the study early? 
You can withdraw from this study at any time without loss of any non-study 
related benefits to which you would have been entitled before participating in the study. 
There is no danger to your leaving the study early. If you want to withdraw you may do so 
by notifying the study representative listed in the “Contact Information” section below. At 
this point, you may request that the researcher destroys any collected data and does not 
include it in future journal publications, reports or presentations. Otherwise, any data 
collected up until the point of withdrawal will still be used.  
What are some of the reasons why the researchers might take me out of the study even if I 
want to continue to participate? 
There are many reasons why the researchers may need to end your participation in 
the study. These include, but are not limited to: 
- in the opinion of the researcher it is not to your benefit to continue to participate 
- your eligibility to participate changes 
- you fail or refuse to follow instructions from the researcher 
- the study is cancelled or suspended 
FINANCIAL INFORMATION 
Who is organizing and funding the research? 
The study is organised by the University of Salford. 
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Will I be paid for participating? 
You will not be paid for participation. However, your travel expenses will be paid 
for by the University of Salford. 
CONFIDENTIALITY OF SUBJECT RECORDS 
Will my taking part in this study be kept confidential? 
All information which is collected about you during the course of the research will 
be kept strictly confidential. Any information about you which leaves the directorate of 
Prosthetics and Orthotics & Podiatry at the University of Salford, will have your name and 
address removed so that you cannot be recognised from it. 
What will happen to the results of the research study? 
Research findings will be stored securely for at least 3 years and will made 
available to you upon request. Contact information is provided within this document. 
Significant findings may be published in clinical and engineering journals. You will not be 
identifiable in written reports, presentations, and journal publications. 
CONTACT INFORMATION 
For more information about the study procedures or treatments, or to withdraw from the 
study, contact: 
Abigail Monk, BSc (Hons), School of Health Sciences, University of Salford, Salford, M6 
6PU. Phone: 07935264779 Email: A.Monk@edu.salford.as.uk  
RECORD OF INFORMATION PROVIDED 
Your will receive a copy of the information sheet and a signed consent form to keep for 
your personal records. 
  80 
Thank you very much for taking time to read this document! 
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Subject Identification Number for this trial: 
 
CONSENT FORM 1  
 
Title of Project:  
Assessing the effect of socket design on the reliability of myoelectric control in transradial 
amputees. 
 
Name of Researcher: 
Abigail Monk, BSc (Hons), School of Health Sciences, University of Salford, Salford, M6 
6PU. Tel: 07935264779.  E-mail: A.Monk@edu.salford.ac.uk  
1. I confirm that I have read and understood the Participant Information Sheet 1 
dated 28/03/17 (Version 2) for the above study and have had the opportunity 
to ask questions. 
2. I understand that my participation is voluntary and that I am free to withdraw 
at any time and request data is destroyed, without giving any reason, without 
my medical care or legal rights being affected. 
3. I understand that any significant findings may be published in clinical 
engineering journals and that I will not be identifiable from any written 
reports, publications or presentations. 
4. I agree to take part in the above study. 
 
---------------------------------                -----------          ----------------------------------- 
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Name of Subject   Date  Signature    
---------------------------------                -----------          ----------------------------------- 
Name of Person Taking Consent Date  Signature    
(if different from Researcher) 
---------------------------------                -----------          ----------------------------------- 
Name of Researcher   Date  Signature   
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School of Health Sciences, University of Salford 
Faculty of Engineering and Environment, University of Southampton 
Participant Information Sheet 2 
Assessing the effects of socket design and fit on loading at the socket- skin interface in 
transradial amputees. 
INFORMATION ABOUT THIS DOCUMENT  
You are being invited to take part in a research study to help us learn more about 
important issues related to the successful provision and control of myoelectric prostheses. 
Before you decide if you would like to take part, it is important for you to understand why 
the research is being done and what it will involve. This document provides you with 
important information about the purpose and benefits of participating in the study.  
 
Please take time to read the following information carefully and discuss it with others 
if you wish. Ask us if there is anything that is not clear or if you would like more information. 
Take time to decide whether or not you wish to take part.  
BACKGROUND TO THE STUDY 
We know that many people find using an upper limb prosthesis difficult, and are 
sometimes frustrated that their prosthesis does not work as effectively as they would like. 
For some people using myoelectric prostheses this can be because the hand may act 
unreliably during everyday tasks. The main objective of this research study is to provide 
more information as to the effect of socket fit on the reliability of prosthetic hand 
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movement. We plan to use this information to guide the prescription of prostheses for all 
users that will maximize the benefits for all those affected by upper limb absence.  
 
This study will initially involve up to 10 participants that are affected by upper limb 
absence and have experience of using a myoelectric prosthesis. Participating in this study is 
completely voluntary and you may withdraw at any stage or time. 
 
Contact details are provided at the end of this information sheet, and you are very 
welcome to discuss any of the information provided with the lead researcher using the 
contact details provided.  
WHAT WILL HAPPEN TO ME IF I PARTICIPATE IN THIS STUDY? 
How long will it take to complete the study? 
If you agree to take part in the study, you will be required to visit the clinical area within 
the Brian Blatchford building at Salford University. Up to four visits may be required to 
complete the study at approximately 2 week intervals. The times for each visit are as follows:  
 
- Initial assessments and casting (1 hour) 
- Socket Fitting and adjustments (1-2 hours) 
- Second Socket Fitting and adjustment if required (1-2 hours) 
- Prosthesis trials and testing session (2 hours +). 
 
The fitting and testing session may be reduced, depending on the fit of the socket and 
the adjustments necessary as judged by the prosthetist, or if you decide to withdraw from 
the study. 
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What transportation will be available to me? 
The researchers will arrange and pay for a taxi to pick you up and to take you back 
home at the end of each visit. Alternatively, if you would like to make your own transport 
arrangements, we will refund any reasonable costs that you incur.  
What investigational procedures or treatments is the study composed of? 
5. Prosthetic history and prosthesis usage assessment via interview. This will cover 
questions about your current level of prosthesis use and strength and movement 
range in the upper limb.  
 
6. Casting procedure: this will be very much in line with the normal casting process that 
you will be familiar with at your limb centre. Plaster of Paris bandage will be used to 
create a mould of your residual limb which will then be used to manufacture a 
prosthetic socket. You will be provided with an apron which will cover most of your 
clothes, but you are advised to wear work clothing as a small amount of plaster may 
splash onto them during this procedure. 
 
7. Fitting and assessment: On the second visit, you will have your socket fitted, and 
adjusted if necessary to ensure a comfortable fit. Another visit may be necessary if 
the socket cannot be adjusted correctly the first time around. Once you have 
confirmed that the socket is comfortable, we will begin to incorporate the required 
components to ensure that the prosthesis is not only comfortable but also functional. 
You will be asked to perform basic tasks and exercises, under supervision, using the 
prosthesis, which will be used to evaluate the fit of the prosthesis. During these 
activities a small sensor will be placed in the socket so that we can measure the 
forces within the socket. These activities will only be undertaken when the prosthesis 
has been suitably assessed by all parties, including you, as comfortable and usable. 
You will be able to stop any activity at any stage of the process.     
 
8. Participation in this study will not affect the usual care that you would receive from 
the NHS; and we will not be asking you to make any changes to your lifestyle before, 
or during the testing period. Evidence of health concerns, such as problems with your 
residual limb or upper arm on your affected side, may affect your inclusion in the 
study but will be discussed with you. Transport arrangements will not be affected: a 
taxi paid for by the researchers will take you home. 
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RISKS & POTENTIAL BENEFITS OF THE STUDY 
What risks are involved in participating in the study? 
There is no risk of severe injury or illness: this study will be performed using standard 
clinical techniques, employed by a state-registered Prosthetist/Orthotist. The risk of injury is 
minimal, and on a par to that within a standard limb centre or clinical facility. 
 
It is unlikely that the testing will encroach on any sensitive issues, however, if at any 
time you feel uncomfortable or distressed then the testing will be stopped immediately. 
There are several options available to you if you feel like you need additional support after 
the study. 
 
The Limbless Association 
Unit 10 
Waterhouse Business Centre 
2 Cromar Way 
Chelmsford 
Essex CM1 2QE 
t: 0800 644 0185 | e: enquiries@limbless-association.org 
 
Samaritans 
Freepost RSRB-KKBY-CYJK 
PO Box 9090 
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STIRLING  
FK8 2SA 
t: 116 123 | e: jo@samaritans.org 
 
If you were contacted through your NHS limb centre you may also contact your local 
NHS PALS (Patient Advice and Liaison Services), contact details for which vary between 
locations. 
If I participate in this study, can I also participate in other studies? 
Being in more than one research study at the same time, or even at different times, 
may not be safe. Possible procedures used in other studies may negatively affect your ability 
to perform this study. If you decide to participate in this study, you should not take part in 
other studies without approval from the researchers involved. 
What benefits are involved in participating in the study? 
The researchers cannot promise any direct benefits from this study. However, we do 
hope the information gathered in this study will improve myoelectric prosthesis 
performance for all.  
What if something goes wrong? 
If you are harmed by taking part in this research project, there are no special compensation 
arrangements. If you are harmed due to someone’s negligence, then you may have grounds 
for a legal action but you may have to pay for it. Regardless of this, if you wish to complain, 
or have any concerns about any aspect of the way you have been approached or treated 
during the course of this study, the normal University complaints procedure will be available 
to you. In the first instance please contact the Researcher or Supervisor with any concerns or 
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complaints. If you feel like they have not been appropriately addressed or resolved please 
contact the Research Centres Manager, contact details are below. 
Supervisor: 
John Head 
University of Salford 
PO47 Brian Blatchford Building 
Frederick Road Campus 
Salford 
M6 6PU 
t: 0161 295 2303  
e: j.head@salford.ac.uk 
 
Research Centres Manager:  
Anish Kurien  
University of Salford, 
G.08, Joule House 
Acton Square,  
Salford 
M5 4WT 
t: +44 (0) 161 295 5276   
e: a.kurien@salford.ac.uk 
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For participants contacted through their NHS limb centre, the NHS complaints procedure is 
also available to you, by contacting NHS England. 
NHS England 
PO Box 16738 
Redditch 
B97 9PT 
t: 0300 311 22 33| e: england.contactus@nhs.net 
ENDING THE STUDY 
What if I want to leave the study early? 
You can withdraw from this study at any time without loss of any non-study related 
benefits to which you would have been entitled before participating in the study. There is no 
danger to your leaving the study early. If you want to withdraw you may do so by notifying 
the study representative listed in the “Contact Information” section below. At this point, you 
may request that the researcher destroys any collected data and does not include it in future 
journal publications, reports or presentations. Otherwise, any data collected up until the 
point of withdrawal will still be used. 
What are some of the reasons why the researchers might take me out of the study even if I 
want to continue to participate? 
There are many reasons why the researchers may need to end your participation in the 
study. These include, but are not limited to: 
- in the opinion of the researcher it is not to your benefit to continue to participate 
- your eligibility to participate changes 
- you fail or refuse to follow instructions from the researcher 
- the study is cancelled or suspended 
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FINANCIAL INFORMATION 
Who is organizing and funding the research? 
The study is organised by the University of Salford. 
Will I be paid for participating? 
You will not be paid for participation. However, your travel expenses will be paid for 
by the University of Salford. 
CONFIDENTIALITY OF SUBJECT RECORDS 
Will my taking part in this study be kept confidential? 
All information which is collected about you during the course of the research will be 
kept strictly confidential. Any information about you which leaves the directorate of 
Prosthetics and Orthotics & Podiatry at the University of Salford, will have your name and 
address removed so that you cannot be recognised from it. 
What will happen to the results of the research study? 
Research findings will be stored securely for at least 3 years and will be made 
available to you upon request. Contact information is provided within this document. 
Significant findings may be published in clinical and engineering journals. You will not be 
identifiable in written reports, presentations, and journal publications. 
CONTACT INFORMATION 
For more information about the study procedures or treatments, or to withdraw from the 
study, contact: 
Abigail Monk, BSc (Hons), School of Health Sciences, University of Salford, Salford, M6 6PU. 
Phone: 07935264779 Email: A.Monk@edu.salford.as.uk  
Nicholas Hale, Faculty of Engineering and Environment, University of Southampton, 
Southampton, SO17 1BJ.  
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Phone: 02830598746 Email: nh7g15@soton.ac.uk 
RECORD OF INFORMATION PROVIDED 
Your will receive a copy of the information sheet and a signed consent form to keep for your 
personal records. 
Thank you very much for taking time to read this document! 
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Subject Identification Number for this trial: 
 
CONSENT FORM 2 
 
Title of Project:  
Assessing the effects of socket design and fit on loading at the socket- skin interface in 
transradial amputees. 
Name of Researchers: 
Abigail Monk, BSc (Hons), School of Health Sciences, University of Salford, Salford, M6 6PU. 
Tel: 07935264779.  E-mail: A.Monk@edu.salford.ac.uk  
Nicholas Hale, Faculty of Engineering and Environment, University of Southampton, 
Southampton, SO17 1BJ.  
Phone: 02830598746 Email: nh7g15@soton.ac.uk 
5. I confirm that I have read and understood the Participant Information Sheet 2 
dated 28/03/17 (version 2) for the above study and have had the opportunity to 
ask questions. 
6. I understand that my participation is voluntary and that I am free to withdraw at 
any time and request data is destroyed, without giving any reason, without my 
medical care or legal rights being affected. 
7. I understand that any significant findings may be published in clinical engineering 
journals and that I will not be identifiable from any written reports, publications 
or presentations. 
8. I agree to take part in the above study. 
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---------------------------------                -----------          ----------------------------------- 
Name of Subject   Date  Signature    
---------------------------------                -----------          ----------------------------------- 
Name of Person Taking Consent Date  Signature    
(if different from Researcher) 
---------------------------------                -----------          ----------------------------------- 
Name of Researcher   Date  Signature    
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